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SHORT COURSE OF LECTURES ON ORGANIC PHOSPHORUS COMPOUNLS
- [Eallmwing 1z the conplste translstlon of the book by F. V. Rodlonoy
entitled "Kratkiy Kure Lektsziy pe Fosfﬂr@rganiwheski@ Veehchestvem”
(English version ab@ve)g'Kievswl§59, pages 3=76./
A brief course of lectures on orgenic phcsphorué.
a@mpauaﬁ# daaigﬂad‘far phyeicians and wmfkera in
the medicel service of the MPVﬁlzghtiaircraft
Defsnse/ . It conteins brief inforwation on the
pethogenssia, clinicel eapscts and therapy of
intoxiceticns with organic phosphorus compounds.
In the légturgs the msin dats sre also presented
concerning the organizstion of medical care end
entichemicel protection from injuries with these

substances.




Forgword,
- The pregent short course of lectures on orgsnic phosphorue

compounds hae been written by & group of workers of the Ukreinien

[+

Sanitetion-Chemical Institute with consideration of ghe data publishe
in the literature end designed chiefly for physiciens and workefa in
the medical service of the MPVO [zitiaircraft Defen§§7. Becauée of
this no information is giveg concerning the chemistrg of organic
phosgrhorue corpounda.

The gipnificance of organic phosphorus compounds at the
pregent time ia exceptionally great; end, ss ig well known, is not
limited simply %o the posaibility of utilizetion of some of them as
war goses {Ssrtori). They‘have been used exiensively in the nationsl
ecoﬁmmy es powerful insecticides ss woll as in the capacity of drugs.

Tﬁe forelgn literature devoted to organic phosphorus com-
pounds is very expensive at the prerent time; this applies particular)
to articlee in the periodicel scientific press. At the sane time,
thers are no monegraphe in which the current ststus of the problém of
the pathelegy, clinical gspects, prophylsxis and therapy of injuriea

by these substances are given completely and in g form available to

¥




the physician.
'The‘lecturaa being brought to the atteniion of the readers

do not claim.ﬁo be & m@ﬂﬁgraphic pregentation of the entira‘maigrial
'connacﬂed with praﬁl&ms of th& toxfeology and the senitetion-chemical
‘ protaciion ffom injuries by organic phoesphorus cempmuﬂéac Here, only
the mozt important and eésential waterial ffam.what»has ba&n.published
on these prnbiﬁma is presented so ss to give physicisns end vorkers in
the MPVO the mgin—informatién which they need.
For convenience, the meterial hes been presented in the.farm
of four lectures which ere covmected with one snother. Because dfﬁthe
brevity eof these lectures it hes not been possible in a number of casad
to give an axhaﬁ;tive pregenfatian of the problem and we have;héd o
be limited to references to verious authors. Thersfore, the suthors
have considered it necessary to give elso e bibliography which they
used in prepsring the dats for these lecturéa.
As & whole, the meterial being presented cen serve &s a brief
reference for fawllierizing physiciens and'éorkera of ﬁhm medical sere
vice with the principles of toxicology and senitation-chenmical protec-
tion spainst intoxications with organic phosphorue compounds.

Professor P. V. Redionov
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‘Firsﬁ Leature
Introduction

b e s e b e s Bomtptrns 2

fhe use of chemical compounds for militery purposes is nothling

war gopes (OV), gives them certain edventages compared with etouic end
‘other atimck wespone {like, for example, the injury ovly 1o enemy pere
sormel with complete pressrvation of the materiel belonging 4o him)
sndsccounta for the considerable military potentiel of chexical weapamé'
Therefore, thzre is no basis for excluding the poesibility of an attempt
by en sggressor Lo use war geses a8 nass gttack weapons mgeinst the
cpopulation in caa; b ;ﬁiﬁﬂéh&5~ - @ new war, Thig circumstsnce
gives rise to the need for preparing the entire medicsl service person-
nel of the MPVD for aniichemicel proteciion.

Of 1l the wer gases known at the present time the class of
organic phosphorus égr gasesAhaa sequired the greatest significerce ‘now
Thia i3 expleined by the fect that the latter heve & number of charact-
eristic properties which give them advantages over other wer gases.
thug, they ere distingulshed by thelr high degree of toxicity, which

pxoends the OV previously known. The presence of neglipgibly emall

uantities of the vapors of theee compounds in the eir is sufficient to

*
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' produce the'rapid ocourrence of serious injuries, sometimen with a
fatal cutcome. They possess the cepecity of penetrating into the

respirstory trect, skin end digestive tract, thereby very repidly

| because af the repidity of the gemeral toxic effect and the severe

exerting & pronounced general toxic effect withoui 2 local reaction.
Characteriﬁtic of them ig a difficulty of detection as well as & com-

Iexiﬁy of the organizaiien of timely meuical care for those afflicted

degres of'injury. However, here, not only detection but alse effeativT
med;ﬁﬁlvcare are entiraly'posaibleﬂ Finally, the raw meterial fér the
preveration of these substances is b?mparatively readily availabié,
and the method of production of them is reletively cheap. All this
makes the organic Qhospharua compounds one of the most impertant‘grgupﬁ
emong the modern wer gases and accounta for the‘need fc; an extensive
ferilierization af medical 5arvice workers of the MFVO with this group
of sub%t&nnese -The present lectures®i®devoted to this. The material
of them includes the principel problems of toxicology of imjuries by
organic phosphorus compounds, the main problems in rendering medical
care, antiahémical pretection, detection as well as= sanitary_proceasing
bnd degassing. Thé lectures ere designed for medical service workers
s the MPVO et large.
Historic Review of the 0c¢urrenae.and Development of Chemical Wespons
The history of development of'éh@mical atteck weapons showﬁ

that chemiernl agents were used even in the past with the aim of putting

gs large e number of persons out of commiseion as poesible,




]

demorelizetion of military units and producihg"difficﬁl&iad in
. defensze qrgaﬁization} It is well known, for examplé, thaﬁ even in
vth@ Peloponnesisn ¥ar (kﬁimhﬂﬁ B.C.) the Spartans specislly burned a
- resin go e to use the mmoke for fighting against their enemy. MNuch
lgater, in the 19th Century tﬁe English suggested the use of emoke
gren&dea for fighting agéinat Russisn troops, Therefors, the idesa of
chemleal atinck weaponn is very 0ld, but the use of chemical agents es
var gegeg hes becom? poasible on a brosd scale only in the 20th cent-
ury, when the productive forces of soviety have rcavheu & sartaim
level of davelopment.

Four paﬂlcds mey be distinguished in the development of
rilitary toxicology. The first period includes the tipe of the First

World Wer (1014-1918),when Germany, prepering to change the map of

the world, crezted & powerful chemical industry arid treacherously used
non-persiestent war gesat et first on the Western
(22 April 1915) end than on the Eestern Fronva (31 May 1915). The
further éev#lopmeat of chemicel sttack weapons sdvanced the problem
of looking for persistent, non-volatile and strongly toxie subatsncea
which might contaminate the human environment, food products and
pilitery technicel egquipment for e long time. Musterd ges, which was
ueed shortly afterwsrde by the Germar srmy (13 July 1917), enswered

} 811 these requirements, which putf it in ome of the lesding rleces .
aneng the nmost dangercus OV. The apfe&rgnca of mustard gas led to the

rapid p%rféction of methods of protection of respiratory organe, vislor

s



end of th&:skih.

The‘exparieﬂae of the First World War clesrly demonsgirated
the edvantege of mustard ges, from which the troops of the Allies
" lost eight times ﬁare persons in & comparetively short time than fr&m
21l the other wsr peses t&getharg

The pecond period of deé;lcpment of the toxicology of OV
(1918-19%9) is characterized by intensive preparstion of the capltal=~
istic goversmente for a new world war, meinly directed sgeinst the
Soviet Unlon.

During this period, the sjnthasia of substances with a cutend
ecus snd general toxic effect was developed most vigorouel&. At first,
imwieita, which waz equal to muntard gaus in its strangth but hed a
muceh sgweller latent périod of toxic effect and produced injury to the
body wuch more rapidly, wes put on supply &s 2 weépon, snd ‘then,
phosgencxineg, a substance with a atrong cu@anesua, mophyxiant, irrit.
ptive end general effect from absorption. In _the last few year&
of this period trichlortriethylemine was put on ﬂhe wilitery supply of
forelgn srmies; this aqbstance was capable of scting ﬁn the living
organism in & manhﬁyﬁsimilar to sulfur-containing mustard gas with
the difference only that it produces a more severe injury te the cen~
tral nervous system. i '

The third pericvd of development of the toxicoloegy of ihe OV

includes the time of the Secend World War (1939-1945), at which time

the aapitali@@ic countries :accumulsted ¥new® war gases -- the organic
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phosphorus compounds (Ssrteri), in addition to the"old*war gaéés,

which in the strength of their effects on the central nervous system

had no 81Uﬂ]ﬁ@

Surrounded on all sides by enemies, the Sov&e* Unfon, during
the pﬁfiod of the building of Sccialiem, yas very much interested in
incr&aslnﬁ 1?9 own military might and, therefore, made & SJSt“mqfic
gtudy of problems of the clinicsl aspects end pethology of the wev
grses, perfected methods of individuel protection, worked ocut the

most rapld methods of detection ard degsssing for the now wWer grees,

therehy creating s clear-cub gysiem of 0rganiz&tion of medical {irst
eid, evecustion and stege therspy of the afflicted pereons.

Inring the Second World War the Germen srpy wae coupletaly
prepared for snd intended to use chemical wenpous, but—this did not
occuf_aimply because of the ﬁawsr of the Sevist Union end the victor-
jous offensive of Soviet troops.

The fourth period of development of the toxicology of the ov

(from 1945 through the preseﬁﬁ) ig charscterized by intensive research

&t obtaininv new repid-seting, highly toxic war gases, effecting the

centr&l nervous system. During the post-war period & new trend also
oesurred ~- the toxicology of radioective substances. Its importsnce
is entirely obvious, if we tske into c;nsideration the fact that after

the exploaion of stowic mnd hydrogen bombs ionizing redistion occurs

by chemiste end toxicolegists in the United Statea end Englend, directe

(gamm&wrays and neutrons) in sddition to the other injuricusa fesctors.

[ ¥
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“specially prép&r@d chemical agente which centain radicsctive atoms

' and the pesceful popuiation snd for prolonged cortemination of the

‘decregsed the significence of chemical weepens., At the same itime, the

In addition, in the militﬁry eguipment of fdiaign sraies tﬁere are
(military redicsctive substences -- BRV) designed for aPfecting troops ‘

terrain, bulldinge, eir and food products.,
 The sppesrence of new mass sttack weapons led to & change in

the tactics of 21l the MPVO services, but it has mot in sny degres

poezibility of production of the latter in lsrge quentities with the
préﬁence of & Iighly developed, powerful air ferce and othér atteck
wagpons have conpidersbly incraaséd the prospecis of using war gaaes
in medern.w&rfa#e. Therefore, the interests of entichemical defense
reguire the pérsistgnﬁ study of new war gases, & systemetic acguainte
ance ﬁith the methods of their detection, degessing and protection
sgaingt injury from them.
Physicochemical Properties and thé Taxicitf of Orgenic Phosphorus
| Compounds |

© Among the new OV, posaeesing a high degree &f.toxicity and
predominant effects on the centrél rervous system, & number of orgenic
phaapharué camppunds well known as fluorophésphates ocqupiea a special
place. Theae.eompounda vere discovered by Lange and Kruger, vho in

1632 synthesized g series of orgenic phospherus compounds with the

Following general formmls.




This ¢lesg of compuunds‘is censtituted by the diethers of
f lusrophosphoric acid,substituteé{amidas of fluorephesphoric ecid,
end other compounds similar to them. Inlerest in these substances
has been brought about by their high degree of toxieity, which exceeds
hydrocyanic acid, For example, the prasancé of regligibly small quan-
tities (1:10,000) in the air of the vapore of these compounds is
gufficient to cause the rapid dsath of enimels. Lower concenifutiama
(1:100,000) cause a prolonged disturbance of vision, essceleted with
wniogis and lbsa of sccommodation. Typical representatives of this
cless of compounds ere the e¢thyl ether of diméthylamidocy&nphoﬁpho?ic
gcid, well kiown by the name of tabun, and sarine, the acid fiuoride
of the isorropyl ether of mpethylphosphiniec ecid. Both tabun and sarind
represent fluidas with & alight odor, readily soluble in gasoline end
pcebone; peorly soluble, in weter. Tabun has a epecific gravity of
1.097 snd a boiling point of 103~104° (at 10 mm of mercury); sarine,
& specific gravityg;f 1.09k end & bolling point of 50° (at 12 mm of
mereury ).,

In the investigatioﬁ ip the relationship between the effect
‘and the structure of organic phpsphorus compounds it was determined

that the meximum degree of toxicity is shown by compounds containing

s branched aliphstic radical, Wnen ihe fluorine in them ie.
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" grea of the skin on which the substence falls all ha#e an influence

substituted by cther groups or even by arciher halide the toxieity
decrenses sharply. The temperature of the surrounding medium, the

age of the person affectsd, the condition of the nervous system, the

on the course of intoxiestion by orgamic phosphorus OV. If there sre
acraﬁchﬁaicr pther defects in the skin the signs of intoxicetion
oceur very guickly.

411 the represantatives of this group of com?aunda PoEE6EY
g pronocunced genersl toxic effect; which ie m&ﬁifested:after enirance
through the skin, inhalatiaﬁ of the vapors er other methods of éﬁplic-
stion. These éubatancea'dc not exert any local irritstive effects.
Drops of'the'OV are absarbea into the body without changing the ekin.
Along with cuteneous epplicetion, the inhalation method of using
crgaﬁ;c phesphorus compounds is an entirely possible form of applic-
gtion under military circumstences, becsuse their physicochemical
propartlies wake 11 possible Lo create & high concentration of OV in
the air. By comparing the dﬁta which characterize the toxicity ef
aertaim orgenic phesphorus and other 0V, it may be noted that the
toxicity of the former on inhalstion excesds the toxicity of thé
other OV by meny times. The toxicity of the organic phogphorusz
compounde is also great when they enter the stomsch along with the
food snd webter. |

Therefore, the high degree of toxicity of orgenic phospherus

compounds after their effect through the skin and perticularly through




the rhepiratory tract; thevdifficulty of detection of them énd the
-guse of production of them have advanced the organic phosphorus com-
pounds to one of the importsnt pleces smong the wodern OV (Sartpri).
The Mechanism of the éffmnt.of Orgenic Fhosphorus Dompéuméa snd of

The Traneformation of Them in the Body

Thie pathologicai processes which dsvelop in the body after
the entrence of the toxin sre preduced by the to?igenié reactions
socurring between the taxin‘énd the blood, end betwsen the toxins end
the body's tisﬁués, As & result of this the normel structure and
pre?ertieﬂ of the biological substrste which interscted with the toxin
are impaired, the result of which is & digorder in the functions of

L verious crgaﬁs and gystems of the bedy. After the éntranca of wsr
geses into the body, including the orgenic phosphorus compoundg, the
blood cerries them to th§ ticsues., The rele of the blood therehy does
not censist enly in the mechanicael trensfer of the 4oxin to veriocus
tisgues. As a result of ihe presence of organic phogphorus compounds
in the bhleod the mejor portion of thew is detoxified. After 8 ten-

minute contact with blocd, the acid flucride of the isopropyl ether of

methylphosphinic meid (PFF) is detoxified even in doses which excesd
sne lethal dose. The injecticn of such blaéd‘inﬁo mics does not pro~
duce any intoxication in then. In experivents in which the tlood was
're@lacad by Ringer~Locke solution, the lethal dose of the toxin was

Lonsiderably decressed., On a more deteiled investigation it was shown

thet not only whole blood but alse its constituents posseseed the




capeeity of é&t&xifying organic phosphorue éamﬁaﬁnda, whereby plasma
“i# the most active.

Inethe study of the neture of this ﬁetoxifying effect it hes
been determined that in the~bady‘s‘tiasueg there 1s & special enzyme
which catalyzes the hydrolyels oft&iisupropylfluvrophasphate {DFP),
as & result of which the latter loses ite toxicity. The hydrolysis
cceurs at the flucrophosphete linkege, as s result of which hydro-
fluoric acid is split off (Mazur, 1946). Mezur described a number of
. properties of this enzyme, pertislly purified it and gave it the name
‘oprhasphcflumraae* In 1953, Aldridge found an enzyne in the blood
gorum which hydrolyzes pera-titrophenyl phmephate'(phoaphaaol);

Navértheleaa,'despite the dete presented, the existence of
such an enzymé in the tissues carmot be éonsiderad proved, because no
compounds are known in the organism which possezs e fluorophosphate
linkege and which cen serve (in the body) as a substrete for it.

The detoxifying power of iisauea in the organism varies.
Thus, inthe blood, spleen, suprarenal glands the detoxification of
organic phoaphorus cqmyounds cccurs in a very active manner; cerebral
and muscular tisaaeﬁéétaxify the organic rhosphorus compounds to &
very slight degree. It ie poesible that thia is iha cause of the
fact that nervous tisaue is the central plece for the effect of these
toxins, despite the fact that from the study of their dietribution
in verious timsues it h;s QQen shawn.that they eccumulate in the brain

W

in relatively gmall quantities. Deaspite the detoxification, part of
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+he orgenic phosphorus compounds mensges to ‘pass from the blood into
the tissues, whersby the entrence into verious orgsns occurs with
different rates b oF spaeé else. 1t ehould be kent in wmind that even
with tﬁe degtruction of the crgenic phesphorus compounds by blood
and tissves the former do not coﬁpletely loge their tozic properties,
and the decompoﬂition products forued the;ﬁby possess varying degrees
of toxicity.

ﬁné@r conditions of the blochemicel experiment it hag not
been posgible to detect any rezctions between the orgenic phoaphorus
coﬁpoundﬁ and carbohydrates or lipids contalning resctive carbex
yl groups. Huwavér, sfter treating proteins with orgsnic phosphorus

compounds which include fluorine, the latter can be detecﬁed'in the
proteln bodies, but it hes been &ifficglt to determine the chemtstry |
of this reaction. Thus, it haz not been possible to show sny reace
tion ;f the organiec phosphorus compounds with the most ective protein
groups -~ the amine and sulfhydrylkgroups‘ The inectivaticn of cer~
tein enzymes, which, as ig well known, are protein substances in thelr
nature, serves as proof of the toxic effect of organic.phosphorus
compounds on proteins,

Considerable atiention has been given also to the study of
the effect of orgenic phosphorus compounds on various types of met§b~
alism. Here, distinct disturbances have been detected in the cerbo-
hydrete end cholesterol metebolimgms. For the purpege of elucideting

the mechanism of getion of orgenic phosphorus compounds on the body

H




a gudy wés.made of their effscts on vériouaﬂénzymﬁ? systeme, which

A turned out to be very déifferent. Among the enzymes which are relat-
ively insensitive to the effect of orgenic phosphorus compounds are
permxidasa and eytochroms oxidsse (Webb, 1948, Accarding to Webb's
dat&, the alkylflucrapheaphatae do not influence the &ctivit? of
‘carboxylage or carbonié anhydrase.

'&1ong with emzymas;which are inseasitive io organic'phospharm
o ue caﬁpaundﬁ senéiﬁivo enz&me systems have been found the‘acti§1ty of
which falls gharply after the effect of negligible quantities of thea#
toxine., Thug, the activity of trypsln snd chymotrypsin decreases
dietinctly under the influence of DFP (Janaen and others, 1949},
Other phaaphpr;ancontainingxtoxina also suppress the catelytic proper-
tiéa of these enzymes, but their inhibitory effects develop more slowl
(Hartey Bang, Killy end oth@rs, 1950). ;

The moat sensitive enzymes are cholinaa?erase of all the
tissuse and lipage, with the exception of panereetic lipase. The
gengitivity of the blood serum lipase ta'qrganic phosphorus compounds |
wan ahéwn by Bloeh in 194%, Webb and Boursnell in 1949 publiébed deata
concerning the power of DFP considerably to inhibit the liver esterase
end shortly after confirmed this by experimeﬁts with the purified

enzyme., The effect of & marked qp?pressian of the activity of
| cholinesterese in the bleod and in the tissuee sfter intcxicationlby

organic phosphorus compounds wes determined by meny investigators

(Needham snd Dixonm,. 1946); Mackwerth and Webb (1948); Kelly and

- 15 =



G4 lmen, Hafvéy, du Beie, Dluli, Seberno and‘céck, (1949). According
.ta the data ;f the majority of suthors thie cholinesterase inactive
ation i irQeVbrﬁible {grauer and cthers, 1947; Aldrldge, 16507, i
- Nevertheless, cortein dats of other siudies speak for the fact that
during the initial pheses the inhibited cholinesterase activity cen
be restored (Nachmensohn, Rothenberg, Feld, 1947). The high degree
of sensitivity of cholinesterass te organic phospherus compounds,
which ip msinteined for s long time, made it possible to advence the
hypothesis of the eccumulation of ac&tylcho}ine in the intexicated
orgsnism, which was confirmed by the similarity of the pharmacoiogica]
effect of the lstter end of organic phosphorus compounds. However,
such & method of &ealing with the mechani#m of sction of organic
phosphorus toxins gave rise 1o lively polemics. The proponents of

the enticholinesterase mechsnicm attempted to link the development of

the signs of intoxication cszused by these substenses with iahibition

of cholinesterese sctivity. Actually, it was possible to show that
in enimels intoxicsted with organic phoepherus compounds the cholin-
estersse activity was considerably reduced in 81l orgsns, particularly
19 the central nertous system, by compariacn with the controle,

A parsllelism hes been noted by certain investigators between

the toxic effect of some orgsnic phospherus compeunds, the miotie
effect, end the degree of inhibition of cholineaterase activity

(Mackworth and Webb, 1958). Finally, it hae been possible to show &

certain rela@ienshﬁp between the degree of depreszion of cholinzsterase
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and the severity of the injury {Freedman and Himwith, 19&8).’ Numeroy
date have iﬂdicated the fect that death of the snimels intoxicated
with 9rganié-phoaphorus compounds fr&quent}y gecurs with a‘campletw
deprezeion of the cholinesterase sctivity in the brain (Euler end
Swanberg, 1930; Hawkin and Mendel, lg&?;gﬁazur end Bodansky, 1946;
Nachmmnséhn and FPeld, 1947). These facts are in good egreement with
the deta concerning the effect of orgenic phosphorus compounds on
verious ﬁrgana, where in the mejority of ceses the phenomens . of

.7

lmpeirnent of function can be asdbeisted with the délgyad dacomﬁos»
iﬁimn of acetylcholine end its accumaletion in the tiessues. Thﬁg,
for exsmple, in intoxicated amimala‘a slowing of the cardimec rate is
obeerved witﬁ an increase in the tome end motor fumct%en;mf the
gastrointestinal tract, epasm of the bronchi, caueging diffieculty in
respiration, selivation end lacrimstion. The gensitivity of all
the&e’systemg to scetyleholine is markedly increased thereby.

During the course of the further study of the effect of
organic phosphorus compoundé on the body, however, other facts were
sccumulated. Thua, specifically, the data concerniﬁg'the obligstory
parellelism between the degree of suppression of the activity of

cholinestersse end the toxic effect of organic phosphorus compounds

have not been confirmed (Jones, Meyer, Kurel,'lghﬁg Kehlson, Uvnas,

Here, it was shown that the increase in sensitivity to

ecetylcholine does not necessarily depend on the anticholinestersse
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effect (Macﬁagara, 1954}, because ﬁometimes a less toxic substance,
f'or example{ LFP, ceuses & more werked depression of cholinesterase
than 6 moras toxie §ub£tauce, for eX&Qple, tetraethylyyrophosphate,
'Racentiy, it hes béen deterpined that [FP ceusst the death of exolotld
in the phﬂsé of developmenghe:ethe body still does not contaln eny
chcliméﬁterase (Kerzmar, 1954}, In 1949, G. D. Smirnov &nd G. M
Turpayey éhﬁvmd thet depressicn of chalinesteraéé in éﬁropinized
arimele 48 not essocisted with desth of the evimels.

'Theref&re, on & par with the convincing date spesking on
behalf of the snticholinesterase mecharism of sction of organic
'phcﬂphorug cowpounds, there are proofs of the fact that the entire
complicetied meé%aniam of action of these toxins én the body ia not
limited simpiy to on effect or this engzyme. Therefore, the snti~
cholinesterass effect of organic phosphorus compounde may bte regarded,
only to a certein degree, as the cause of 4+he toxic procesg which
develops v the intoxieated organisam. Fundenentally, thie spplies to
thmaé toxic effects which ere sssocisted with a disturbence in the
paraayipath@&ic junervation of such organs es the heart, bronchl,
gastrointestinel tract. It ie impossible to explein completely the
effects of orgenic phosphorur compounds on the central nervous eystem
ginply by this effect; the disturdance in the function of the -
centrel nervous system is the chief link in the pathelogy of intmﬁic~
ations by thege pubatances.

Therefore, further investigstions ere needed for the




phoephorus compounds.

. W
W,
EAN

’dlarificétion of the biochemical mechanism of action of organic

19




Second Lecture

Pathoggnesia of Intoxications by Organic Fhosphorus Compounde
The pathogenesis of injuries produced by orgenic rhosphorus

compounds is complicated. Scme mipects of it sre stili uncleer.
The most characteristic disturbances in these intoxications occﬁ; in
the central nervous system, respiraﬁcry orgens and cir;ulatory organg.

Central Nervous System

S

The cerebral cortex is very sensitive to the effect of
orgenic phorphorus compounds end reactsto them even in those cases
where‘the signs of injury of other organs and systems ere have not
yet manifested themselves, Thus, under the influence of even smell
doges which do not notably éffect the blood pressure level or nature
of réspiration, the excitation procesees of the cerebral cortex are
.increased, which is evidenced ty changes in ihe chrongxie of the
cortical erea, the electrical ectivity of the brain end the conditione
reflex activity of the body. In severe intoxications there is also
first noted an increase in the excitability which is manifeséed in the

fornm of motor excitation, which occurs elther in response to externsal

influences or spontaneously; there js a Peeling of anxiety. The



lincreaaa'iﬁ,excitability is, aftér a certain fime (usuall& guite
quickly), féplaced by & @epreasion in the cortical functions:
adynsmie, géneral listlesgnese, clouding of cenzciousnecs. and then =
complete loss of con;ciouaneaa develiop,

Therefore, & biphaaia course ie observed efber-bniury in the
,centrél nervous system efter injury with orgenie phosphorus cempouﬂéa,

It would be an error, however, to beliévg thet the cgntral
rervoue gystem resction to‘the effect of organic phosphorue compounds
ig limited aimply to disturbances in the cerebral corticsl funciions.
E%perim@ntal investigations performed on decerebrate snimale meke it
posgible to state that in intpxication by theze pubstaences otﬁer
portions of the central nervous systen are elso involved., In such
enimals, foilowing.the administration of the toxin, ch&ractef%stic
aignﬁ.mf intexication oécur in the form of disturbances in the circul-
‘ation and respirstion as well &s convulsions which ztop only after ﬁh#
destruction of the spinal cerd. Disturharices of respirstion, changes
in the blood pressure level se well sz a discrder in the functions of

the vepue nerve center are the result of injufy to the medulls.

]
.

Therefore, all parts of the central nervous system are involy
ed in the patholog#cal process from intaxiéatian by orgenie phosphorus)
campounds, but this is not menifested simnltgﬂamualy end is expressed
to different degrees st verious ;tage$, The signs of corticeal excite

ation occur rapidly end are meinteined for quite =& long time. OUnly

brief and insignificent signs of excitation ere characteristic of the
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medulla (a@ least for acﬁe of its canters),‘aﬁd these are rapidly
4rensformed to & depression. The cerebral cortical function is
-impairgd from the effect of very small quentitiesz of the toxin.
The various ceniers of the medulls sre qﬁite geneitive mleo. The
spinal cord, on the otheé hend, ig more resistent; a disturbance in
ite funections usually occurs laﬂé} and from the effecy of large
doses of the toxin. 8ince in different organisms the degreé end
neture of disturbence in the functions of various portions of the
central nervous syetem are different, N the sequence:of
"involvement of them in the pathologiéal process is slso
different, As a result of this, in intoxication by orgenlec phosphorub
compounds there may be a great number of variants in the clinical
manifestations,

The deta presented permit us to draw the following conclus-
ions:

1) A1l parts of the central nervous system are involved in
the pathologiéal process after injury of the body by orgsmic phosphors:
ug compounds.

2) The centrsl nervous system reacts first to organie
phogphorus compounds by exclitation, which then pesses into depressionﬁ

3) Af'ter injury to the bedy by organic phoephorus compaunds
the rate of involvement of various parts of the central nervous éyao
ten ﬁnd the intensity of &istufbanée.;n its functions vary. The

cerebral'cofkéx ip most ménsitive,




The mechanism of 0ccurreﬁce of functional diﬁgrdcrs of ihe
central nervous syétem after injury by organiavphosphurus coﬁpmunds
has hat been conclusively gtudied, The fact is indubiteble that
chanées in*th& central nervous system fuﬁction& depend both on dir-
ect contéct with the‘t@xinagnd on the occurrence of paiholcgical
impulsgs:which scome frcm.ﬁhe periphery to the central nervous system,

perticularly, froa diturbences in its normal interreletionships with

the externsl and internal milieux of the body.

Therefore, in the study of the peathogenesies of intoxications

by oiganic phosphorus compo@nds aﬁ impprﬁant plﬁce is occupied by
&ié&rder of the central nervoue system functiona, which is evidence&‘ )
by the occurrence of convulsive attacks, It has been shown by exper=-
imaﬁts with éaéérabraticn thet canvulaiens"which secur from the injury
depend to a consideréble degree on the effect of the toxin on the
spinai cord, proof of which is the prompt cessation of them afier
d@struqtién of the spinsl cord. o

= Therefore, in theée injuries the convulsione have a ceniral
rether than peripheral origin, and the occurreﬁce of then iz masos-
iatéd vith the effec? of tha toxin 6n the number of partis of the
central nervous systemf?omﬁthe motor area of the cerebral cortex

to the spinal cord. Along with changes in the cerebral cortical
functiong the intoxicetion proéﬁcea sonsiderable disturbences in the
funetione of other central nervous syétem sectiona.alau.» Thuse,

disorders of respiration are essociated with the effect of the toxin
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on the résbiratory center, and-the diao;ders Af circulation are
anﬂociétad~ﬁith a disturbance of the vesomotor center. At the same
tinme, diatu}hances in the & vasonotor center may depend ;n the
pathological changes in the respiratory center.

All this spesks for the tremendous part of the central
. nervous system in pathology of intoxicstion by organic phqsphérus
compounds . Th#s central nervous system resction is associsted, on
the one hand, with'a diréét effect of the toxin on the brein tissue;
on the ;ther hand, with a disturbance of the » ordinary 1nterac§ions
of the‘central nervous system with the exterral snd internal miiieux.
These afévﬁhq;cauaes of oqéurrenca of & humber of functional changes
in the centrel nervous system which are expressed as various algns
of intoxication. ‘The neture of these changes is eccounted for, in
1g?ge measure, by the pr;tective role of the ce;ebral cortex.

| Vegetative Nervous ‘Bystem

Intoxicstion by organic phosphorus compounds produces &
number of disorders in the mctivity of smooth-muscle organs and glands
(eyes, bronchi, intestine, salivary glands, etc.), which gives us the
grounds for speaking of disturbances in the‘functionsnof the vegetativ%
nervous system (parasympathetic and sympathetic), particularly the
parasympathetic. -

Avong these disorders are‘the_following: constriction of

the'pupil'(mioais), ppasm of sccommodation, macropsia, which is mahif-

ested as a distortion of subjective perception of the eyelashes and




)
other objects. The signs of intoxication mentioned are brought about

by injury to the oculomotor nerve, which is part of the parasympathe
etic syatamL _The bronchespasm end signs of‘bradyéardia, which are
cbeerved during the intoxication, also speak for involvement of the.
paragympathetic nervous a&atem,in,the pathologicel process. The
increase in the secretion of the é;;ivary end brorichiel glends asg
well &8s spasm of the intestine speak for tﬁe seme thing. The close
connection in the development of the signs menticned above with
injuries to the parssympathetic nervous system is confirmed by exper- '
imente with atfopine. The use of this alkeleoid, which parslyzes the
trensmizeion of impulees from thebpcst-ganglibnic parasympathetie
fibers to cells of efferent organs, eliminates the signs of disturbe
ance'iq‘the functions of the smovth-muscle organs, hoart and glunds.
It has been determined also that stropine in isolated organs prevente
the development or eliminates alresady existing functionsl disturhancesy:
Thie injury to the pargﬂympmthetic‘nervoga system is asseocieted with
the effect of the toxin both on the central and the peripheral nervous
syetems,

Invthe claﬁ%ﬁ%@ﬂtion of the mechaniem of the toxic effect of
organic phoaphorus cQﬁpbunda on the hody it is necessary to take into
considaraﬁidh the effect of thg toxin on the syampethetic nervous sys~—
tem. Funetional changes-of the ve.etstive nervous syster heve to be

tied in with disturbanceg_acéﬁtring in the central nervous system.

The date presé@tad show théi_intoxication with orgenic phosphorus
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compounds oceurs with signa of disturbances in the functiona of both
portione of‘the vegetativa nervous system, but with predominant
involvement of the peresympethetic portion.

The mechenism of functional disturbsnces in the vogetative
nerious.system from intoxication with ofganic phosphorus compounds i?
ass&ciated with & disturbnace in the chemicsal tranamiésion'cf nerve
impulses, theat e, basically with deep-seated changes in the acétylu
chalina metebolism., Primarily, this is manifested in a disorder of
functicn of the ﬁarasympéthetig ;ervous systemn, which‘ismgg%imapely
c&nnectaﬂ with acetylcholine as & mediator. The mechanism of injury
ta the syupsthetic nervous system, the functicn‘of which, as is Qell
known, is regulated by two mediators - acetyichcline;and sympathin4b
ig somewhst more coumplicatied, Howevaf, even here the discorders
may #lec depend on disturbances in the mcetylcholine metabolism.

Theraf'ore, the dats presented indicate the great complexity
of the mechanism of disturbances in the functions of the vegetative
nervous system from intoxication by organic phogphorus compounds.

Disturbances in the Motor Nerves

In the case of injuries byvorganic phosphorus compounds
gharacteristic changes in the functions of the transversely-striated
nusculature occur which are expressed in convulsive contractions of
| muscles (clonié or tonic), fibrillery twitchings of muscle fibera;

weakness or paresis. The occurrence of convulsions is connected with

8 disorder in the central nervous system functions, because afier a
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diétUrbaﬂde in the integrity of the spinalﬂccfd the'cbnvﬁleive con-
tractions péompﬁly atapﬁ The c;currcnﬁe of fibrillery iwitchimgé in

the muscles depends on an incremse in the excitability of the nervem‘.
muscle n mynapa@.' ﬂer&hyg'the impulses praceadimg from the central
nervous system, without iﬁﬁerf&ring without the functions, lead {o

.8y incresse in the resctions of the stristed musculature.

Respiratory Disturbances

After intaxicatiaﬁ by organic phosphorus compounds considers
. able disardérz‘ocaur in the respirstion, the degraé of expreséién of
which variagngepenés on 8 ﬁumber of circumsgtances including on the

rmuté of entry. of the toxin into the bo&yg After ivhelatien intoxice-

ation respirstory disturbences srs expreszed tc s grester degree than

after par@ut&n@oua spplication or administréticn of the toxin ﬁhrough.
the digestive tract. Hawav&r, thie spplies only to mild and moderste
injuriez. Im thé case of a sevaré_degr&@ of intoxication & marked

depression of respiratioen cccurs regardleés of the route of antry‘of

the toxin., Respiratory discrders, by interfering with the conditions

of arterislization of the blood, lesd to disorders in its gas content,
as 8 result of which & considerable hyporemia oceurs, which in itz turh
cannst help but affect the | cactivity of the

orgenlem snd primarily the functions of the ecentral nervous system.

In the study of the mechanism of these disorders it has bsen determined

that the mein cause of their occurrence sre spasms in the bronchial

musculature and & disturbance in the functions of the respirstory




center rethsr than convulsions. Clinical cbservations have shown that
changee in the respiratery center functions cecur biphssicelly: at
first, g brief excitation is noted which iz then replaced by o prolong-
. ed depr¢saion. ¥ith mild intoxication, an increase in the respiratory
rete ia‘obaerved in the initisal aéage vhich is then repleced by &
glowing end & decrease in the amplituda ef the respirstory movements.
Subzequently, the respirsiion becomes normal and of the usual type.
With & severe degree of injury, es & resu1£ of disturbence in the
funetions of the respiratory center, the respirstion first incroases
in“frequency and becomes deeper but it soon efter becomes aupgrficial
and irregular with pauses and, finelly, stops completely. The respir-
atory center is very sensitive te the effect of organic phosphorus
cumpounds,

Therefore,'respiratory disturbances during intoxicetions
represent a most importent pathological procesz which occurs as the
result of the effect of the toxin §n the central end merveue peripheral
nervous systems. In & practical connection, #s-48 the reversibility of
the disturbarnces ip the respiratory center functions Q%g very importent
Even in cases of sa$i6;9 intoxications, with the prolonged use of
artificial respirstion (two te three hours}, it is not uncommenly

poseible to restore independent respiration.

Circuletory Disorders
In the patholoéy af intcxicetions by organic phosphorus

sompounds cohgiderable importence is ascribed to a disturbance in the




circulation, mlong with the respiratery disorder (the fluctuations in
the lefel oflihe arterial and vencus pressures, change in the strength
i and fraquemcy of the cardiec contractions). Iﬁ cesse of severs intox-
'icationa perticulsrly considersble changes in the bleod pressure ere
ncted,i Ih the ini§1a1 stags, ita level i?cre&aed to varying degrees;
an 1n6reaéa in the emplitude of the pulse:preasure ie cbaracteristic;
here, the:diaatolic prassure inc?eases slightly, whereas the gystelic
incre&ﬂas‘¢ensiderab1y; The naturs of the subsequent changes depends
on the severity of intoxication.- -In the mild forms of ‘intoxication
the.bloc& pressurs usually levels off graduelly; in the more severe
forms, it éaéraasés progressively end fal}a to zero.

The causes of ihs biao& pressure chenges im intoxications by
oerganic phosphorus aoﬁpounds hes not been clerified co;ciusively. |
iﬁPoaaibly? apeciﬁically the different conditione of blood vessels of
diffefent srens &uring_the intoxlcation are one of the determining
causee of the difference in the venéus pressure levels. Here, a ma jor
pert is played by changee in the vascular tons, which is associsted
with injury to the vesomotor center of the ﬁedulla.

Impuises cominy from the periphery to the centrsl nervous
system have legs of an influence on changes in the blood pressure level]
In this respect, date concerning the respirstory center are entirely
'Fpplicable 4o the vasomotor center. Ié should be kept in mind that

b he functionml condition of the vasomotor center in intoxicstion by

brgenic phoaphorus compounds depends a great deal on the ‘tone.




of the réaﬁiratoryv center, the degree of.Asfhyxia;'dis;rders in
“the blobd ciéculation and cardisc activity.

Inithe init?al phase of intoxication a slowing of the cardiad
rate is observed. In the mild forms of intoxication the strength of
cardiac ceﬁtractions usually is unchenged, but the so-called “vagueﬁ
'pulae‘with a high pulsé pressure amplitude appeara..

‘A slowing of the rhythm of cardiac | | activity is
seeociated with & slowing in the circulstion, proof of which is
constituted by experimente with etropine, which, by eliminating the
slowing in the cardiac activity, leads to the restorgtion of theﬁ
normal circulation time.

Diatd;bénce in thé cardiac fuﬁctiona is associmted with the
direct effect of the toxin on the heart. Bere, impulees coming from
1 the centrel nervous system slso exert an jnfluence. The organic
phosphorus compounds influence not‘only the'myocardium but alsc the
vegetative nervous system, in connection with which the cardiec rhythm:
is chenged snd conduction is impsired. These substances elso cause a
constriction of the coronary blood veesels, whereby the cardiac wmuscle
¢cireulation is impeired and therefore elso the conditions for cardiac
aetivity. .Spasm of the bronchisl musculsture, which occurs during
injury by the orgsnic phosphorusyeompounda, can also lead to s conetrlce
tion of thé bleod vessels in the lesser circulation with a subsequént

jneresse in the pressure in the velns and difficulty in cardiasc func~

tion. The possibility has not been ruled out that overfilling of the
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venous system lesde-te the occcurrence of cafreéponding nerve lmpulses
which p have a harmful influsnce not only on the work of the heart
but alse on the functiam‘af the central nervoue symtaﬁﬂ

| The deta presented show that after intexications with organig
phosphcrua rompoun&ﬂ the circulstory disorders and the disorders in
cardise actmvity bava a very ¢umgllcated'patnog&neﬁia. At the same
time, alqng with the rasyiraﬁgry disorders, they arsignet merkedly
expr&seaﬁ disturbences in the functions of the body from injuries by

o many
these substances. In

cases, injuries to the ¢irculatory and
regpiratory systeme sare so considerable thet they determine the sever-

ity end outcome of the intexicetion.

a4

The Clinical Aﬁpects of Iﬁjury by Orgenic Phosphorus Compound

The clinical'yicture of intoxicetion by orgenic phosphorue
campaundﬁ Y depends not only on the guantity of them and the individuai
raactlon of the body, but, in large measure, are brought abaut also
by the routes of entrance ofthetoxin into the body. The main date on
the study of the clinical picture of the intoxicetion by theee substans
ces heve besn obteined under exﬁerimental conditions on animals of
varions species. In the foreign literature considerable clinieél
meterial hes been published devoted te tha'course of intexlcetions
with verious representatives of the orgenic phosphorus compounde
1 (diisepropylfivorephesphate, tetraethylpyrophosphate, parathion and
othere). The similarity of the toxicological dymamice of the vericus

orgenic phosphorus compcunds makes it possible to use these data in




the deseription of the clinicel picture of the intoxications,
| Inhalation Ferms of Intoxications

“Phe clinical signs in inhelation forms of intoxicetion
' by erganic phosphorus compounds dépend on the time ... thet one is.
in the iptoxic&téduatmosbhere, the concentration of the poison in the
inhkled air, ss well as on the frequency and depth of respirstion
during one's stay in thevcantaminated atmoaphere. Three periods cen
be notel in the clinical picture: & period of restlessness, & convule
sive period and & paralytic period. According to the date of Grob,
Krép end Loomis, the first signe of intoxication with organic
phosphorus cowpounds are visusl disorders: a constriction of the pupily,
amﬁgeation of the conjunctivee, lacrimstion, foggy vision, pains in
the ares of the eyes. 8Soon after, restlessness appears, headache,
dizziness, spathy, and musculature weakness. A specisl place in the
symptom=conplex of intoxication is occupied by respiratory disorders.
Cough appears with coplous sputuﬁ, lebored respiretion (perticularly
in the expirstory phase). Respiration becomes superficial and rapid.
Afterwards, s picture develops of bronchospasm (Krop, Kunkel, Heymens,
Pochet, Houtte). The spesm of theAbrcnchial musculeture is associated
with e merked increase in the sscretion of.brcnchial glends, which
ledds to & pfofuae sccumulation of fluid throughout the respiratery
tract, by the ssme token eggravating the serious picture of lsbored

respiration as e result of bronchospasm. As a result of this, asphyxial

develops. Vomiting movements not uncommonly accompany the respiratory
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diaoréera,'and sometimes there is vomiting énd.a profuee.exc}etion
of n viscidnéaliva.i Ten to 15 minutes efter the iﬁtmxicaiion &
atormy qonvﬁlgiv@ attack.of tonic and clomic nature ususlly oacurs;
" whish lasis apprmiimgtely three to five minutes end ie essociated with
involuntary defecstion and urinetion. Then, the firét convulsive &
attack subsides., There iz no resction to pain stimuletlion; the COYw
neal reflexes are intsct. The convulsive attacke sre repested et
verious iﬁtervalﬁ; peasured in minutes, but become. shorier and are
nnﬁ ea>vigoroua"as at first, In the intervels between the convulsive
attacké there is complete prestration, the rﬁapiiaticn is @arkedly
weakened snd superficiel. Marked salivation 1a§tx throughomt.:
“Grsduslly, the oonvulsive sttacks Eecomé_leas freqnenﬁ, and a aomatésa
a@ndition is cbserved. Death occurs from stoppage of respiration,
end efter nhe or iwa minvtes the cér&i&c contractions alao stop,
Individual variations are noted in‘the durstion ef the eﬁtire cyels
of intoxication which . lasts from seversl minutes to two to three
hours. Only s emell pert of those intoxicated die zt the end of the
first day. In some ceses the c§urse of intoxicstion is characterized
by en almost complete ebsence éf convulsions. Death 6ccufe during the
firet few minutes after the intoxication with signs of aephyxia as &
réault of respiratory disorders. _

bmong the importent patholegical signs of injury by argaﬁic

phogphorus compounde mention stould be made of circuletory disorders.

which are particularly clesely associsted with'ch#nges in the «. ... o




respiratory functions. One of the early aigns.of diaturbanc; in the

" eirculetion ia & chenge in the cardisc activity which-is confirmed by
a dc?qrmatian'of the electrovardiogrem. Most cheracteristic here is

a lengthaning of the P~R interval and of the QRS as wsll as s completd
bleck with diseppesrance of the P weve (Krop and Kunkel).

' .The reduction in the work of the heart is expressed aleo in
& raducﬁjan in the srteriovenous difference, which is observéd, ecearde
ing to Holmatedt's dats, before the cccurrence of chenges in the blood
pressure, At the beginning of the intoxication the?e:is sometimés
noﬁed gn incresse in the blecd pressure {Krop end Kunkel, Grob,uéarlicq
and Herwey); sometimes, it is decreésed. The venous ireasure is usually

decresssd. The pulse is‘soft, easily compressible, end incressed in

rats.

In some casesz the body tempersture is incressed to 38-41°0;
in others, the temperature changes ere pot found (Grob, Garlich,
Merrill, end Freimuth).

Tﬁe chenges in th; blood, according to the date of Grob,
Garlich and Herwey, amount to e slight increase in thevleucocytg count.
In the differential leucocyte count e roderate incresse is noted
in the pclymprphonuclear cells., The content of red bleod celle,
hemoglobin and the sedirentation ratgzdo not undergo any esgentisl
lehanges,

If the patients live through the scute period of intoxicetion

the convulsions subside,snd consciousness ia restored. Despite the
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apparent improvement, death can occecur even in the lste pefiod: the
blood pressure suddenly falls, éhe pulse begcomes - thfeady; the
respiratian}bgcmmes repid and superficial, and a pronvunced cysnoeis
B appeaba. Deeth occu%s with:insreseing signe of vascﬁlar inaaffiggénc;.
In some cases the signs of vescular ccllapse become the predominent
cekan éymptom from the very beginning of the intexication, and the
resplratory disturbances and convulsions are ndé verf pfcminent,

As an:illuztratioﬂ.of-what has haén stated o case is Bwing
presented heiow of intoxicstion with one of the group of alkyl
ph&aphat&s, described by Grabw'l

A man 35 years of ege was working with alkyl fhesphatés in
hiz work clothée (2 cmrbon Tilter respirator, protective goggles,
rubber glwvéa, high rubber boots, & rubber apron snd & protective
mentle, which did not cémpletaly cover his arms end his back).
Suddenly he felt nauses. end cells to defecation. These phenomens
continued for 30 minutes, and then.a profuse perspiraiicn, dizsinnss,
headache,la blsckening before the eyes, restlessnsss, musculaﬁure
twitchings of the tongue and eye lide, and general mﬁséulaﬁure wonl-
ness were superimposed, He was put in the hospitsl two houre after
the occurrence of the initial symploms. |

The examinetion data showed the following: he was well
1developed and he welked spcntanaoualy. He was excited, restiess,
had twitebings; however, he wes well oriented. & profuse perspiratioﬁ

waé chaerved with marked salivaetion. The speech was slightly difficult

o




there was {epeﬁition of the last word and sillable. The pupils were

‘constricted (punctate); it was impossible to examine the optic fundus

The r@npiraﬁion wes 16 per minute; there were no changes in thq lungs
" The heart was normsl on percussion and suscultation. The pulse was
92 & minute., The blood éressure was 152/126 millimeters of mercury.
(the blood pressure before the ihtdxication was 100/70). There was
‘a Pibrillation of the muscles of the tongue end lids and irregular
jefky movements of the eyeballs. Soon, the muscle fibrilletions
beceme generalized, and a very severe o “muscular yeaknésa
developed. The tendon reflexes were normel; there were no pathdlog-
icel reflexes.

Forty minutes aftter hospitalization.the patient gradually
began to go intec & comatose state. The tendon end the pain reflexes
’ dissppeared. Attscks of convulsions developed. In the intervals
between the convulsive attacks there was Cheyne~Stokes respiration
(which was stopped by inhslation of & mixture of five percent 002<
and 95 percent 02). There was nﬁ definite picture of bronchéspasm.
The lunge were normal. The blood pressure was 186/100. There wes: no
noticeable hypoxemia. There were frequent palla to defecation and
urination; the stocl was watery. The vemitue was liquid with an odor.
One pupil dilated slowly after the repeategdministratig? atropine
{one percent solution, one drop every 15 minutes). After a half hour
the pupils again constricted. |

The treatment was atropine sulfete, 0.6 milligram
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intramuscularly in.one hour led to & redustion in perspiration,

- salivation snd bromchisl secretion. The drip administration of phy-
siological golution snd glucose was given. In the first siteck of
{fwf o convuleions cursre sliminsted the fibrillastions,
and»maée the sopvulsgive abtacks wilder bul did not prevent the oceure}
rence of the next atiack.

Por four hours the petient wes in s comatose state; the reflexes
were shaent. Aftler a%vén h&ﬁra the pein snd tendon refflexes began
~te be restored. Th@‘pupilé dilated somewhat, and e slight résction
té light appaarﬁéﬁ The blood pressure gradually decreaaad'tq 150/50.
After one hour, ﬁenamisuaﬂ&ﬂs.rmturne&; the petient notieed thet his
vision wee clouded end he ssw objecte as though in e fog. For the
next two hours the patient's condition impraved; he answered ques-
tions more rapidiy and spoke betﬁér.' However, inithe tenth hour
after the occurrvence of the first symptome of intoxication rﬁapifatimf
b#cama superficiel, frequent, e&nd iabara&; the pulse cculd not be felt
Aftér ten hourz and 15 minutes, the patient died.

%ilhelgi end Domenjoz also have described cages of intoxic-
ation with slkyl phosphate, whereby in the begimning the following
were noted: perspiration, lescrimmiion, s&iivaticn, naugea, vomlting,
disrrhes, intestinal celie, dyspnee, brénchozpasm, msrked miosis,

g disorder of sccowmodstion, & reduﬁticn in the body temperature;
then,_&&ﬁma of the lungs developed and there were muzcle fibriliations

and vonvuleions. In the serious cases, ataxis, tremor, dizziness,

B
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vertical nystagmus, sleepiness, weskness, cbnfusioﬁ, retarded speech,
andacomatoéé stote were noted., Sometimes, in the beginning an
increased blood pressure was noted with a merked leucocytosis. In
" the lat; steges of intoxication the following were chserved: cysnosis,

decreage in blood pressure, o .dyapnéa and & disturbancj
in cerdiec activity, Death from severe intoxication cccurred in 14
hours, In those ceseé vhere the patients recovered the signs of
intoxicetion disappesred efter 12-24 houré.

A number of suthors (Grob, Garlich and Harwey) distinguish

muscarinic and nicotinic effects among the various signs of intoxic-
ation with organic phosphorus compounds as well as symptoms coﬁnected
with the effect‘of these toxins onlthe ééntral nervous system,

Muecarinic Synptoms. .Thée first:symptoms of this group are
anorexia and nausea, which iﬁcreased after smoking and £reQUent1y
wvere accompanied‘by vomiting, spasmodic pains in the abdomen and
salivation.

With‘theiincrease in the signs of 1ntoxibat16n diarrhea,
tenesmus, involuntary urination and defecation are possible. Among
the symptoms of this group mention should be made of constriction of

the pupils, increase in blood pressure as well as disturbances obsgrveg
in the process of respiration (excessive bronchial secretion,‘broncho»

spasm, and pulmonary edema).
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Nicotinic Symptoms; In this groupiof toxic phenomena
mention should be made aé twitcging of the eve muscles and tonpue,
vhich occurs immedi&tely.after the nausea amd‘vomiting and which are
early signs of intoxication. In the severe cases twitchinge of the
mgscles of the face and neck are observed which change into convuls-
iveiattacks. Sometimes, there are no convulsions, and signs of
increasing wezkness and atony are observed.

Central Nervous Systgm Symptoms. The earliest symptoms are
thé following: dizziness; restlessness, a feeling of anxiety. These
gymptoms occur shortly aftey the anorexia and naﬁsea.} Subsequéati&,
headache and insomnia are observed. In the more severe cases of
intoxication the following deavelop: étaxia, tremor, éiscrientation
for.tba surroundings, changes in speech (difficulties in formation of
erds, repetition of the last ayllables). These symptoms frequently
precede the comatose condition with ¢cmp£ete ioss of all reflexes.
During coma Cheyne~Stokes respiratioﬁ, convulsions and a marked com-
striction of the pupils are noted.

Therefore, in intoxication with organic phosphorus compounds
signs of invelvement of the central nervous system are prominent,

which is expressed in the development of convulsive and then paralytic

phenomena. This also makes it possible to categorize tabun, sarine




. and otherﬂbrganic phOSphorus compounds among the gronp*of'ﬁérve'toxinl
(Grob Krop and Loomis, Kondritzer, Elan, Clements and others). Here
(aﬂ has been mentioned by Jaques, Bein and Meiler) in iﬁtOVicationq
with organic phosphorus compounds involvement occurs not only of the
cenpral nervous system_{brain and sPinél cord) but also of its periph-
eral portion, Excitation of the central - and peripheral po;tions of
the scmatic and vegetative nervous systems'which‘are observed ére
replaced by para1y51s of them.

1t should be noted that in the inhalation form of intoxic-
ation toxic phenomena (restlessness, feeling of anxiety, feeling of

"

compression in the chest, disturbances of vision) can occur at the
time of inhalation'of the toxin. Despite the copsiderable similarity
i%_the nature of the into;ication and its dynamics, the clinical
course of intoxication‘with organié ph@éphorus compounds 18 inéﬁced‘
to a certain degree by the method of application of the toxin (percut-
aneouely, orally, etc.).

In:oxications Associated With Cnntéctiof the Toxin With the Skin '

When organic phosphorus compounds come into' contact with the
skin signs of irritation of the gkin are absent (Krop and Loomis,
' Deichman, Puglise, Cossida); the toxin is usually absorbed into the

body and produces intoxication. With the gkin-absorptive effect of




" several minutes in the majority of cases, although they may developed

- more sepere cases of intoxication convulsive twitchings of the mus-

increases in frequency and sometimes an arrhythmia, After several

these compqundé the first signs of intoxication are found after

even after oné or two hours. The first signs of intoxication, regardé
less of the time of their occurrence, are, accor&ing to the data of
duBoisg aﬁéycowarkers, Deichman, Puglise and Cossida and others,
restlessness, uncoordinated movements, lacrimation, & lessening of
muscle tone, involuntary urination and defecation. Aﬁterwards,

fibrillary twitchings of various muscle groups are observed. In the

cles of the trunk are superimposed on theée signe, which termiﬁate in
clonic or tonic convulsions. It should be noted that im this form

of intoxication (absorption of organic phosphﬁrus cbmpounds from the
surface of the skin) changes in the'eyesv(constriction of the pupils
and others) may be absent (Deichman and others). As 2 regult of
gbsorption through the skin of large’qugntities of the toxin a serious
intoxication develops the first sign of which is restlessness. After-
wards, the following are noted: dyspnea and increased salivation;

the respiration becomes gradually slower and irregular; the pulse

minutes fibrillary twitchings appear in the muscles of the trunk;

later, convulsive contractions of the muscles of the extremities.




Soon after; a tremor and clonic and tonic c&nyﬁlsions appear which
usuaily ghange into convuleive contractions of the entire body.
Buring the at£ack of convulsions fha corneal reflexes disappear,
involuntary urination and defecation are chserved. The duration of
the course of intoxication varies: from 30 minutes to several h§urs.
Death occurs With signs of marked depression of the central nervous
systen functions, absence of reflexes, é siow irregular respiration
ang disturbance in circulation. Ii should be noted also that the
sltin-absorptive intoxicationsloccur, as a rule, without the &eyélop—
ment of miosls, with less pronounced vespiratory disorders and longer
latent periods than in . the inhalation form of intoxication.

Orzl Forms of Iatoxications

' The goecd solubility of organic phosphorus compounds in water
and . organic solvents and thelr édequaxe stability mske possible
their contamination of water bodies, storehcuses, etc. Therefore,
they may.constitute a threat of entrance into the body in water and
food. Tt has been detemmined by experimental investigations that
organic phosphorus compounds are less toxic after entering the stom-
ach than after some other foyrms of application {inhalation, contact

with the skin). At the same time, the toxicity of many of them is,

nevertheless, considerable.
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The clinical aspects of oral iutakiéatinns are heterogen~ .
| ebus. In ﬁﬁ; mild fomms, the signs which are most.striking are in
the gasﬁrointéstigal tract, whereas in the severe forms, disturbances!
in the function of the centfal nervous system predominate.

In the mild forms of intdxications, usually after the
entranée of the toxin.into fha stomacg‘in the water or in the food,
a latent period is observed the duration df which is very variable
(from five to 30 minutes); this apparently depanﬁs on the degree of

filling of the stomach, the type of food products with which the toxin

enters and the rate of absorption of the toxin by'the'gastric'mﬁcosa,

At the end of the latent ﬁeriod the féllowing occur: deepened respir+

ation, salivatiqn and vomiting movemenﬁs.' The vomitus consists of
water and food which are in'ﬁhe stqmach; subsequently, }he quantity of
-it décreases; in the vpmitus there.is Mucus with an admixzture of bile
an& gometimes blood. After 20-30 minutes a profuse diarfhea is -
superimposed, which lasts for hours. Usuélly, on'the.next day vomitin
and disrrhea are not found. The gehefal cpnditibn is characterized
by a dépresgian and iistléssness, which gradually decrease and dis-
| appear after two to three days.

| Intoxication of moderate severity is characterized by the

game symptoms but more intense., The vomiting is of a more stubborn

W




and prolonged nature; the diarrhea continues for several days. The
- general condition remains depressed for two to four days; there is
no appetite or it is markedly decreased. Recovery occurs slowly.

" In some cases fhe geﬁcral condition begins to deferiorate progress~

the
central mervous system occurs which

1v%i§, gnd a marﬁed depression of
leads to death. 1In other cases, beginning with the third-fourth day
the-gengral cﬁndition improves, the appetite returns,_and the stools
becotre normal; on the seventh~12th day the patientvrécovers.

The symptoms of the severe intoxications in the initiél
period are chafacterizéd by vomitisg,’diarrhéa and iﬁcreased rééctiv-
ity,v_Simultaneously, thevre is anbincrease iﬁ salivation and dySpnéa
appears. After 10-20 minutes fibriliary twitchings appear in various

.mdséle groupg,lwhich change into a general tremor. Shortly aftex-
wards, the following are found: adynamia, a disturbance in the coord-
ination of movement and muécle weakness.' Afterwards, an attack of
cloﬁic convulsions develops which changes into tonic convulaions.
Thereby the corneal reflexes are extinguished, the pupils dilate,

the respiration is impaired, and marked cyanosis is noted. Death

occurs against the backgroﬁnd of a progressive weakening of ¥espir-

ation and cardiac activity.




Thind Lectuxe -

Clinical Forms of Intoxication With Organic Phosphorus Compounds

Aécor&ing to the geverity of the courée the following clin-
ical forms cf'inﬁoxications with organic phosphorus compounds are
distinguished: mild, severe and chronic. The mild forms of intoxic~
dtian ocour a certain-time (from several minutes to one toitwo ﬁsurs)
after cdntaat‘ag tha.patient‘with the toxin., The first signs of
: involvement are in the eyes -- miosis, and spasm of accommodation.v
Lesg often, lacrimation is ;oted. Seeing objectelin the dark becomes
quite difficult. The pupils are constricted down to the size of a
pinhesd and react slightly to light (im individual cases this veaction
is completely absent). The conjunctiva becomes congested and somelimes
.edematous. hlong with the feeling of discomfort and slight pain in
the eves, painful sensations oceur in the tempies and in thevarea of
ithe frontal sinuses. In the pa&sans affected thexe are sensations of
dyspnea, ané the respiration becqmes Iaboged; an increased salivatiom,

nausea and vowiting are noted. The respiration becomes strained; there
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are riles, and sometimes aphonia occurs. The pulse is slowed, and in

some cases it is labile., This condition lasts for several hours,

The pathalogicél sipns graﬁually lessen, whereby the first to subgide
“The '

is the sensation of choking. ' further course of the intoxication is
of a wave~-form nature: an alternation of remissions and considerazble
4 deteriorations in the general condition. Recovery occurs after one
or two days; thereby the signs of miosis aré observed up to two oY
thrge days.

In the more severe cases the initial signs of intoxicafion
are similar to the signs in the mild form. éubsequently, the signs of
intoxication increase. The miosis reaches its maximum degree (the
pupils are constricted doﬁn to the size of a pinhead and do not react
to light); there is a marked spasa of accommedation; the vision is
limited simply to 1ight.perception.. ReSpiration becomes markedly
labored, superficial, of increased ffequency, and cyanosis appears
with increased salivation; in individual cases there is persistent
vomiting. The pulse slows (50-60 beats a minute). Brief attacks of
tonic convulsions are observed. In the urine, blood and spinal fluid
there are no pathological changes. Subjectively, the intoxication
hecurs in a torturesome manner: there is a gene?al excitation, e a

feeling of anxiety, severe headache, melancholy and general weakness.




The course 6f these forms of intoxication is more prolonged. The

- intensity of %he symptoms lessens after 24 hours; however, miosis and
"bronchsﬁpasm remain for several days. It should be noted that these
formg of intoxication occur ﬁithout any deep*seatéd disturbances in
the functions of the respiratory center and without any consi&grable
disorders of the cireulation. The persons afflicted shéuld be treated
under conditions of complete rest, because ?hysical exertion causes

a marked deterioration in their gemeral condition. Complete recovery
cchfa after five to ten days.,

The clinical course df the sevére'forms of intoxications is
vagiedn in severe cases, considerable centréﬁ neyvous system disordarg
y are most characteristic along with disturbances in the functions of
various organs and systems. Here, a latent period may be observed
the duration of which u§ually does not exgeéd 20-30 minutes. In
intoxication with large doses a latent period may be absent. The
occuérence and degree of development Qf the signs of intoxication de=
pend a grest deal on the route of ent?y of ;he toxin. The inhalation
of air containing vapors of organic phosphorus compounds produces
marked choking and a considerable constriction qf the pupillia. Aftgr
}absoxptimn through the”skin the chokihg is less pfonmunced and there

ay be no miosis.

SR
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anxiety and general weakness are superimposed on them, Consciousness

- and cyanosis appears. Nucus is excreted from the mouth and nose.

- the wulse becomes slow, arrhythmical and of poor qualit sometimes
b y " p £ E h

In the severe forms of intoxication the intensity of the

latent

symptoms'which appear after th ‘period (miosis, bfonchospasm

e

and others) increases progressivély. Excitation and a feeling of

is gradually cloudzd. Convulsive twitchings of varicus muscle groups
appear and then twitchings éf the ent£;e body. vTﬁe convulsions have
the nature of paroxysms. Inr the inﬁervals between the parcxysm
the unconscious state may be replacea by a considerable excitation

apd motor restlessmess. During the convulsive attacks as well as

in the period between convulsions various respiratory disorders occur
Frequently, vomiting is observed. The blood pressure is decreased;

thready. In the most severe caseé the convulsive attacks are accome
panied by pr&greasive weakening of respiration with a subsequent
stoppage of it.

A marked deterioration of the general condition in those
intoxicated may 6c¢ur even during the peiiod of relatively'satisfact~
ory condifion. Therefore, the persons intoxicated with organic

phosphorus compounds require particularly careful observation. The

2F

jntoxications without any marked depression of respiration or « v
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disorders in the vascular system'have a more favorable course,

Né pathciogicai changes arve observed in the urine or
spinal flugd; In the blﬁed theve is a leucaa?tasis and shift to the
left in the differential wﬁiﬁelblood count. Thé signs of intoxic-
atiag are presefved for several days, and then they gradually disap-
pear.

After the effect of very large doses the severe casges mAY
have a fulminant course. In tgefé cases, the latent period is very
SQart. Convulsionsg déveiop r&bidiy, following one annther withbut
any Intervals.

The chronic infoxication'with organic phosphorus compoundg
may be produced by the vepeated effect of gmall doges of the toxin.
Chronic forms do not have éﬁy specific clinical picture. According
to Barnes, this form Qf intoxication is‘pharacterized by a delayed

and éluggish course of the acute syndrome.

Therefore, the principal manifestations of iIntoxication

with organic phosphorus compounds indicate the involvement primarily

of the central nervous system in the pathological process, In mild
cases the disturbances emount to a disorder in the visual orgsns and
in respiration. Intoxications of moderate seyerity are characterized

by proncunced disorders of the central nervous system functions




aécompanied By torturesome subjective sensatibné. In:ﬁhe severe intox-
ications -the glinical course and ;utcome of the intoxications are
determined by tﬁe dagﬁee of disturbances in the central nezvous systeﬁ
function. Tﬁe direct cause of death 1s depression of the respiratory

center with subsequent paralysis of it.

Late Consequences

Tﬁe prognosis wit@‘resyect to recévery in persons intéxicated
with orgénic ﬁhQSphorus compounds depends a great deal on the severity
of the intoxication. In cases'oﬁlmild forms of intoxication ﬁhe"
prognosis is usually faverable, and recovery, in the absence of complicH
’ o .

ations, occurs during the first two weeks. In connection with the
wrognosis, severe iﬁjuries, particularly in those cases where marked
deyﬁessinn of the reSpiration and cardiovascular activity develop,
aye dangerous.

Tntoxicarions which end in recovery, however, do not always
1isappear without trace. In such persons the following are observed
For a long time (many months) after recovery: rapid fatigability,
tarked headaches, general weagkness, a staggering gait; a disturbed

lecentral nervous system function remains in the form of increased

irritability, tendemcy toward insomnia, rapid exhaustability of the

nervous system, instability of the vegetatlve nervous system (Reinl).
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A decrease in the blood cholinesterase activity is maintained for a
very .

long time, It should be noted that the relationship between the
severity of.intoxication and the degree of depression of cholinester
ase activity in the blood is not always observed in #he those afflic-
ted. For a long period of time in those who have suffered intoxice-
ation & tendency remains toward regularly appearing paroxysms of

bronchospasm and pneumonia.

Differential Diagnosis

In making the diégnosis it is necessary to take into'cbnsid-
eration the routes of entrance df the toxin into the body. The
inhalatien fqrm of intoxication is the easiest type of human injury
¥ with organic phosphorus coméounds to diagnose; here, very early and
characteristic differential-diagnostic signs are observed in the
eyes: constriction of the pupil to‘the size of a pinhead, spasm of
accommcdation, ﬁanifested in a disturbance in perception of distance
and in the sizes of objects which appear to be increased (macropsia).
Here, congestion and a certain edema of the mucosae of the eyes are
poseible. Respiration is disturbed; it becomes very much increased

in frequency and irregular; paroxysms of bronchospasm appear. In

cases of severe intoxication an increased salivation, increase in the

& .
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muscle tome and fibrillary twitchings and convulsions develop.
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After contact of the liquid substdnce with the skin, if
the peveon éffaated has been in a gas mask, the signs in the eyes
as well as bronchospasm may be absent or may be slight.

After intoxicatieﬁ through the gastroiﬁtestinal tract
(use of cqntaminatéd food and water) @ stubborn vomiting and diarrhes
sre charscteristic; there is 2 rapid development of signs in the
neyvoue sysitem,

lin all forms of intoxication ef signs of excitatién of the
céntral servous system in the form of restlessnéss, convulsiong,
gto. develop in‘modefate and severe cases.

Tt should be kep;/in'mind ' in the differential diagnosis
of injury by organic phosphorus coﬁpnuﬁds that they do not possess
2 cutancous ©Ffect. Based on this, there are no particular diffieul-
ties in dlagnesing thgm differentially ﬁrom lesions produced by
wvesicants, wherein the inflamﬁatory-necrotic processes in the skin‘
and mucous membranes are pronounced, and there are novcharacteristic
miosis snd bronchospasm as ie seen with tﬁe organic phosphorus
compouvnds.. Sometimes, there may be a difficulty in the differential
dingnosis from lesions produced by asphyziants. However, the develops
ment of signs of texic pulmonary edema (early bemoconcentration,

couh, prefuse copious sputum, ete.) without signs of bronchospasm

k3
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- profuse secretion is observed from the mucosae of k the upper .

difficulty for the differential'diagnOSis of organic phosphorus com=

particular difficulties in distinguishing organic phosphorus compound.

orspasm of acéémmodation'are characteiistié of the latter. The
signs of in%ury to the eyes are limited usually.to lacrimation and
8 mild‘conSuﬂctivitﬁs after the effect of asphyxiants, In cases of |
injuwy.ﬁith lacrimatory and particularly irritaﬁt war gases; a
respiratory tract with markéd ) flacrimation. All this is
accompanied by a very severe pathology and signs of irritation of
the muéous membranes (seﬁere hyperemia, edema),

Intoxicaﬁions with’ﬁ§&¥éé§ﬁ‘éféﬁiééﬁoffer the greatest
poun& injufies.’ Howevér,‘in the fSrmer‘case there sre sbsolitely n;
signs of eye involvements; the-pﬁpils are unchanged or even somewhat
dilated, aﬁd the odor of biﬁter almonds is perceived in the exhaled

. ' ) are

air; the mucous membranes are pink. He?eby, the convulsions of a
clonic-tonic nature and disappear rapidly.

Afﬁer intoxication:with carbon monoxide a dilatation of the
cutaneous capillaries.is observed (om the_face, thighs, ete.). The
blood is of a bright alce color, contains carboxyhemoglobin. The

depression of the nervous system is more pronounced. There are no

intoxication from intoxications produced by arsine (prolonged latent
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period; hemolysis, and lesions in the liver and kidneys).

In‘cases of mederate and severe injgries the most reliable
and specific differential diagnostic feature in intoxication with
organic phosphérus compounds iz a reduction in ﬁha cholinastefase
acéivity in the blood. For the purposd of determining the diagnosis
in ali forms of intoxication it is essential to make”a careful
comparéson of clinical signs of intoxication with the data of the
histar} and the conditions undex which the intoxication occurred.

.Patholdgy

It is well known that thé pathologicalxchadées in inﬁdxic-
. penerally
ation with toxic substances, among which are the organic phosphorus
compounds, ave usually not so distinﬁt and are much less varied than,
fof example,.in_the case of injury by various representatives of the
group of vesicants or.asphyxiants; Thig fact creates certain
difficulties for the physician or pathologist, particularly in those
cases where determining the pathological changes pursﬁes the aim of
diagnosis. This is explained, on the one hand, by the distinctive
nature of the effect of organic phosphorus compounds on the body
(chiéfly the effect on the nervous gystem ahd blood vessels), an@,

on the other, by the insignificant length of life of those

intoxicated after contact with the poison. Naturally, there:may
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'phoruq comnounds ig- the unitypicality of the morphologic picture.

of animals also develop according to an approximately unitypical

totality as well as in supplementing the autopsy data with a careful

simply be no development of pathological cﬁanges‘heié.

Very characteristic of the intoxication with organic phos-.

Patho]ogical changes in thc various representatives of thxs group of
compéunds are‘the same; by and iarge, and the differential dlagn031s
between various organic phosphorus compounds should be considered
impossible in‘éractice. “fhe method of effect of thé,toxin on the
baﬁy, thc route of penetration do not produce any noticeable differ-

ences either in the pathological picture of the internal organs in

those afflic;gd, The morphological changes in the various species

pattern. From what has been stated above it does mot follow, how-
ever, that the pathological method canmot contribute anything val-
uable in solving the problem of the diagnosis of intoxications with

these toxins. In the evaluation of the path&logical picture in its

microscopic investigation adequate starting points may be found for

a correct postmortem diagnosis of intoxication withhorganic phosphorus
compounds. As is well known, Ehe latter chiefly affect the nexvous
system (central and vegetative), enzyme systems (particularly, cholin-

esterase) and also markedly impair the processes of blood circulationd
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In the clinical picture of intoxication signs of involvement of the
‘central nef&ous system {convulsions) and of the parasympathetic
nervous sy%tem (miosis, hradycardia; salivation, diarrhea) predomin-
ate. In connection with this the principal groups of changes char-
acteristic in general, of all cases of Intoxication with these toxing
may be distinguished in the pathological picture:

1. Mafked early and long maintained rigor mortis.

2. Spastic contraction of the smoéth musculature the result]
of which is the following: a) constriction of the pupils, sometimes
upequal, in cases of the direct effect of the toxin on the eyes
(inhalation injury), which is maintained for a long time; with large
doses of the toxin miosis is sometimes observed‘also with other meth-
ods of entrance of the toxin into the organism; b) spasm of the walls
of the medium-sized and small bronchi; ¢) a spastic besdy contrac-
tion of the intestine.

3, A disturbance in blood circulation, which is expressed
in congeation of internal organs and multiple hemorrhages.

The microscopic examination introduces a number of essential
additions to this picture, particularly with respect to changes in
the nervous system, whi;h will be given below in the presentation of

the morphologic changes by organs and systems. Here, stidl anocther
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characteristi; feature of the patholegical changes should be emphas-
tzed from intoxication with organic‘phosphofus compouudé, namely,
the abs@nce;of reaﬁtivewiﬁflammaﬁory processes. Specifically 'his
circumstance can explain the unitypilcality of changes - with
vériousAraﬁtes of entry of these toxins, because the charactefistic
Features in the reactions of those organsvthrough which the fogin
pen&trét&s'imtc the body are evased.

"It is aésential to discuss in greater detail the pathological
cﬁaﬂges of varicus organs on autopsy, suppiemanting the autopsy
picture with the most essential microscopic changes. All © . this
may berreﬁresentad in the form of thg following schema:

Skin. The effgct~of organ@c phosphorns'compounés on the
skin does not produce any noticeable local reaction, unless we take
into consideration a slight ccﬁgestion and & slight edema.

Eves. Gonst%iction of the pupils after the direct entxy of
the toxin. Thé abeence of any signs in the ocular ypice is
characterigtic.

Blood. Dark red in color, thick'with clots.

Trachea and Larvge ﬁronchi. Moderate congestion.of the mucoud
werbrane. Foany fluid in the lumen.

Lungs., JIn case of death quickly they are pale and collapse
There i 8

@aeffﬁ. . spastic state of the small and mediuvm~ sizd bronchi;
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mucus is présent in the intact lumina, Theré is coggestion, hemorr-
hagéﬁ, pumataée and in the form of patahéa. There are no inflamﬁatory
chargpq in Lﬁe ﬁungs. (Ripper; Derobert, Grob) -
Heart. In the cardiac cavity there is thlck hlood, dark red
clota. There are~small heworrhages under the endo«an& epicardium,
With large doses of the toxin there aremstreaky hemorrhages in both
ventricles, With death after ten or more hours dystrophic changes are
foﬁnd voder the microscope in the cardiac muscle in the form of &
dust»]ik@ fatty degeneration of its fibers (1. T. Yarnshko-BraKhnova)
Liver. Congestion; at the late stages, fatty and hydrOplc
degeneration; a large quantity ot ironnc;ntaining pigment (I. T.
1Yaweshkowﬁrakhﬁova, Ye. X. Spynu, N. A. Sazonova, Ripper).
Kidneys. Congestioﬁ, hemorrhages under the capsule.
Spleen is anaﬁ?c; at the late stgges, there is an abundance of
iron~containing pigmeng.
Pancreas. Multiple hemorrbages, partlcularly in the area of
the head of the pancreas, are very characte?istic.

Stomach. Swmall hemorrhages into the mucous membrane (Waeve).
Intestine. Congestion of the blood vessels of the mesentery,

heady spasm of the wall of the intestice, hemorrhages into the mucous

nembrane (Naeve).
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jKaempe, Rewer, Derobert).

Hervous System., It has already been stated above that the
most prcnauucéd changes are ohserved in the central and vegetative
Nervous ﬁystémg. Tt is bolievad that intoxicaticn with organic phoge-
phorus compounds distinctive processes of an alaefative~dysﬁrmphic
nature and vascular disorders develop in the central nervous system

in ﬁhé abﬁénce of an iuflammatory reaction. At autopsy of the cranium
attention is attracted by the marked degree of injection of the
capillary network of the brain, the pronounced congestion of the
meningeai bleod vessels ané brain gatter, The brain tissuwe is qlighﬁlf

edematéus, In the brain-stem area, subcortical ganglia, cerebellum,

and less often in the cortex, small hemorrhapes are seen (Spynu,

In the case of very rapid death pathological changes are
siight and amount chiefly to signe of acute swelling of the nerve cells
tigroivsis, and from time to time vacuoli#ationn However, in cases of
death after one hour or later, these changes incresse in thelr intens-

ity and become more heterogeneous. At these perlods the most varied

¥

jystrophicwnecrotic changes may be observed in the nerve cells:

(=

“hromatolysis, hyperchromatosis.of the nuclel, varicus stages of the
sowcalied "severe sickness® (Yu. §. Kagan, Ye. I. Makovskaya, Siedek,

+f

Ripper, and Holmes).

%

Along with the histopathological changes of ganglion cells in
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the brain the vascular disturbances are quite distinct: edema of the

- cerebral tissue, perivascular and pericellular edema. In the bleod

vessels themselves sometimes an edematous separation of tﬁe blood
yessel-walig may be engﬁuntered with swelling of the endothelial cells
lipoid infiltration. It is impossible to establish any strict rules
and regulations in the locaiization of the changes; however, it is

believed, that most frequently iuvolved are the cortex, inter-bwain,

and cerebellum,

Thafaﬁoreﬁ the patbalmgicél data iﬁdicate that chiefly the
nervous system and bleood vessels ave affected, that is, the morphol-
ogical changes thereby shqglé be characterized as neurovascular. It
sheuld be emphasized that vascular insufficiency can change into &
c&ranialcendiﬁion, as a result of which slight influences can lead to
1ate.aomplications {cerebral hemorrhéges; ete.}.

In conclusion, we should dwell on the possibilities of dif-
ferential pathological diagnesis. The absence of any reactive~
inflammatory processes makes it possible easily to diétinguish these
changes from what is observed affer intoxication with vesicants and
asphyxiants. Speakilnog Spacifically,‘a‘6i3tinction has to be made

betwaen organic phosphorus and othex representatives of the group of

general toxic compounds. In these cases, the characteristic
¥
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blood changes from intoxicatioﬁ with hydrogen cyanide and carbon
ﬁonmxide shcéld alwayg be kept in mind (aloe-colored blodd; bright red
cadaveric spofs); the possibility of making a special chemical (for !
AHCN) and Spectréscopic (for CO) investigations; —the distinctive
nature of the lesion in the brain;(symmetrical ischemic necroses in

the case of CC poisoning). For intoxication by arsine narked signs of

hemolysis are characteristic (jaundice, hemogiobinuria, a distinctive

color of the kidneys, - - enlarged spleen, ete. ).
A1l of the pathological changes mentioned above are

not characteristic of intoxication with organic phosphorus compounds.

At the same time, after intoxication by the latter, pupillary constricd

. tion, a spastic condition of the intestine, large hemorrhages into the
{ pancreas, and on microscopic examination, morphological changes in the
brain, should be considered specific to a certaln degree.

Prophvlaxis, First Aid and Treatment

The specific properties of the organic phosphorus compounds,
which consist of an éxceptionally high degree of toxicity, an excep-
vional rapidity of action, and an exceptional power of penetrating not
tonly through the respiratory organs but also through the skin, require

timely and correct organization of prophylactic measures.

The protective agents existing on supply {gas masks, mantles




and others) are capable of considerably reducing the danger of

"

intoxication but do not eliminate it completely. Waen vety high

concantrations of orgsnic phicsphorus compounds are created in the

atmosphere the intoxication may occur as the result of inhalation of

contaminated aiv in the time needed to put on a gas mas sk, The

contact of the toxin with the clothes and the ebsence of the possib-

31lity of processing it with the antichemical pack immediately can

alse lead to the oceurrence of intoxication. Finally, the possibility

kas not been excluded of penetration of the toxin directly into a

wound. Therefore, despite the presence of individual proLective

ctic measures

.4

facilities, the need arises for the use of such prophyla
; p PRy

which arc capable of considerably increasing the resistance of the

v

body to the effect of the toxin.

the congiderable number of agents known (atropine, physo-

stigmine and others) which have been proposed for the prophyl'xiﬁ of

intoxlcations with organic phosphorus compounds, the most active has

been shown to be atrvopine, which is capable of preventing the death

of animals intoxicated with organic phosphorus compounds. The mechan-

Iism of the prophylactic effect of atropine js brought about by the

blocking influence of it on the choline-reactive systems of the bedy.

L35 10t

This makes it possible to recommand atropine and substances similar to

i
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phosphorus compounds various methods have baeniproposed recently

with the use of agents of antidate, pathogenetic and symptomwatic

‘pounds is based chiefly on the concepts of the mechanism of the toxic
effect of organic phosphorus compounds on chélinesterése and tissue
choline~reactive systems, including approﬁfiate elements of the

- central uervous system. In connection with this, compounds are intex-}

' attracting the progressively greater attention of forelgn researdh

it for practical gpplication.

‘For the purpose of treating intozications with organic

therapy. Such a division is of an arbitrary nature, because in a
number of cases it is difficult to p classify one agent or another

in only one certain group.

" The therapy of intoxications with organic phosphorus com-

esting-which are capable in varying degrees of lessening or suppress-
ing the cholinergic affect, namely; subs?ances which possese the capaci
ity of reactivating cholinesterase as well as blocking the dboline¥
reactive bilochemical systems which are suﬁjecﬁed to thé Seiecﬁive
effect of the tokin (cholinolytic preparations).' The problem of

restoration of the activity of cholimesterase at the present tiwe is

workers. Recently, through the works of Walson and his coworkers

(Askew, Epstein and Freceman) the possibility has been shown of ruﬁﬁmﬁ¢'




restoration of the cholinesterase activity which has been depressed

%

3,

by crganic phosphorus compounds throush the - application of
hydroxamic acids. The application of these compounds 1s capable,
to a certain degree, of lessening the toxic effect of organic

phosphorus compounds. However, it should be noted that among the

resctivators of cholinesterase no compounds have yet been found which

can be used practically as antidotes. This is brought about by the

fact that the given subétanae§ i; doses close to the‘theraﬁeutig
themselves pessess a considerable degree of toxicity; in addition,
their - therapeutic effect is manifested quite sléwly. Neverthe~
less, as is well known from the foreigo literature, searches for
“petive cwmpounds of this kind are continuing and<possib1y will lead
to more encouraging results,

The most effective results have been obtained in connecticn

with the development of methods of treatment based on principles of

physiclogical antagonism. The principal place in these investigations

have been oceupied by works on the study of therapeutlc properties
of cholinolytic preparations. According to the data of foreign
authors (Heymans and others, Krop an&‘Loomis, Modell and Kropp),
of © all the cholinolytic agents which have been proposed for the

therapy of intoxications with organic phosphorus compounds the best

2
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of intoxication (inhalation form) characterized by the presence of

~ bzen shown te be highly effective. It rapidly eliminetes the pheno-

mena of bronchospasm and miosis. A good therapeutic effect is obtain

‘several hours after it. When the eves are affected the use of atrop-

ine in the form of eye drops (one to two percent solution) is alse

has been shown to be atropine, which reduces the -~ -. phenomena of

bronchospasw, miosis, salivation and other symptoms. In mild cases

miogls and signs of a moderate bronchospasm (labored respirvation,
unpleasant sensations behind the sternum), the use of atropine

{either by mouth or subcutaneously in a dose of one milligram) has

ed thereby not only at the beginning of the intoxication but also
22

effective. I coﬁpletely eliminates or reduces the phenomena of
miosls and causes a dilatation of the pupil. Timely use of atropine

in cases of moderate severity of intoxication with organic phosphorus

compounds, as & rule, reduces the severity of the intoxication. Thusj

‘ -
for example, several minutes after the administration of atropine
(subcutaneously, two milligrams), in the presence of signs of marked
excitation, the respiration becomes free; the excitation and retro-
sternal pains decrease; the patient lies peacefully or gleeps. How-
. \ .- under L Cee
ever, a single application of atropine . these conditions ' g

inadequate for complete cure, because after s certain time

t
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the siéné'gf excitation and asphyxia usually recur. A second
‘injection of atropine can again eliminate the signs of the intoxic~
ation,

Therefore, with,iﬁtoxications of moderate severity the
subcutanéous injection of atropine eliminates the principal signs of
the intoxication. Thereby the therapeutic effect 1asﬁs, on the
average, for five to seven hours, after which the paroxysms of
excitation and asphyxia recur. Therefore, the second application
Qf atropine is necessary. The use of atropine is indicated also in
serious cases of intoxication (Gfob, Jaques, Bein and Meier). It
ghould be taken into consideration only that the latter exerts a
therapeutic effect only for a certain time, after which the general
condition again deteviorates, and the convulsions recur. While in
intoxications of mode?ate severity atro?ine exerts an influence for
five to seven hours, in the gsevere forms this interval of time is
considerably shortened and lasts about two hours. In such cases,

repeated :
the and more frequent use of the p;eparation is indicated;
the dosage should be highgr than that allowed by the official
pharmacopoiea (nc less than three milligrams). |

Therefore, és a result of utilization of atropine for the

mild forms of intoxication a rapid recovery of the afflicted persons




organic phosphorus compounds. In its turn, this has isd to a search
wompounds. At the present time, in addition to the natural cholinolytsd

may be used in the capacity of such antidotes, In additiom, the

is observad, Tﬁé uée of it for int@xic;tions of moderate severity
mitigates the éigna af intnxicaﬁion considerably, and recovery ocours
even at the end of the first 24 hours, ¥Finally, in the severe“imjurﬁes
atropine can save the lives of the afflicted persons, although final
recovery drage on for a longer time. The therapeutic effect of
atvopine with respect to organic phosphorus compounds is,nevertheless
of a limited nature. According to the data of foreign autba&s, it
is known that atropine only lessens the ccnvﬂlsive atrtacks after
Intoxications with diigmpropyifluoropho5phate and other organic
phosphorus compounds but does not suppress the convulsion conpletely.
1t does not exert any influence either on the fibrillary musculav
contrastions,

Degpite the favorsble effeét, atropine possesses a number of
defaéts (toxiecity, inadequate therapeutic effect, etc), and therefore

cannot gatisfy all the requirements made at present on an antidote for
for pew, more active snd specific antidotes for the organic phosphorus

(atvopine and other alkaloids) synthetic compounds of a similar type

combination of various preparations of cholinolytic type may be

)

67



recpmmendedvfor purposes of increasing theif‘effectiveness. Thereby,
it should be taken into consideration that the therapeutic effect of
choli&ol&tics'depends on the time of administration of them after
intoxication. The.earlier.appliéation of them assﬁres a more favorable
gffect. .
As has been stated above, various organs and systems are
invﬁlved in the pa%hologiéal process in thé case of intoxication by
organic phosphorus compourds; therefore, treatment of such intoxic-
ations chould be based on the use not‘only of preparations with an
antiécte t&pe of.effect but also of'variéus agents | 'of
pathogenetic eud sywptomatic therapy, depesding on the individual
cch&itign of the afflicted person. First of all; 1t should be kept
in wind that a marked depression or stoppage of respiration requires
prompt measures in the sense of apﬁlication of artificial respiration
{8lan, Clements, Brown, Elton). It should‘be noted particularly that
artificial respiration is more effective thaniéhe use ;f prepargtions
which - - excite the respiratory cenﬁer EE X | si@ilar cases. Thus,
the timely use of artificial respiration in combination with the use
l1of an antidcte and u other therapeutic agents can.prevent the death

of the intoxicated person even after large doses of the - toxin. The

performance of artificial respiration for a long period'gf time makes
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it possible not only to maintain the functien of the respiratory

- center for a long time but even restores it. Thereby, it should be
taken into éonﬂideraﬁioﬁ that!arfificial resgiration.is more effect-
ive only in case it is carried ocut by means of séeéial instruments.
Hand nmethods ave less effective. Even petter results may be obtained
thxgughithe combination of artificilal resplration and administration
of axyg&n;

As is well known, aftgzﬂimjury with organic .phosphorus com--
poﬁnds considerable disorders are observed in the paﬁieuts‘in fhe
cardiovascular system. . In such cases, ;amphor, caffeine, strobhanthir
and other agents should be récommanded in appropriate doses. Howaver,

. . } :
the use of cardiovascular stimulants ‘alone in the severe cases of
intoxication does not produce the desired result. The use of these
agents in cowbination with atropineé or other preparations of the
antidote type of actiog is much more efféctive.

With the aim of reducing | and stopping the convulsive
paroxysms, the use of anesthetic and narcotic agents is recommended
‘ along with atropine. At the same time, the use of such agents whicﬁ
ER . ;
considerably depress the respiratory center (chloroform, morphine)
should be contraindicated (Jaques and others), When ngaessa;y, the

use of glucose, cphedrin, luminal and others is indicated.

Therefore. the use of antidotes in combipation with.agents....

[
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of symptoﬁatic therapy has been made the basis of thér;py of intoxic-
ation bf org%nic phosgphorus compourds. A certain sequence in render-
ing first ald and treaimeﬁt may be recomnmended, First of.a11; the
lpaﬁienﬁ should be remove& iﬁmediately from the contaminated atmosﬁherd
@fter first put;ing a gés mask on hiwm., It should be kept in mind
that the outcome of the intoxication depends on’fhe efﬁa timely use
of the antidote and, therefére, e under ali conditions (by way of
éelffhelp oxr mutﬁal aid) it is necessary to use a special antidote.
Under conditions where(the toxin comes into contact with'the

mucous mewbrancs (eyez and others) they should te washed out with

one or two drops of ooe percent atropine solution should be instilled
into the eyes. At the first opportunity the patient's cleothes
should be changed.

In mild cases treatment may be limited, chiefly to a single
applicaiion of atropine {one milligram subcutaneously ér by mouth).
Pyramidone iz used for headaches.

In the smore serious cases of intoxication a special antidote,
 passih1y atropine, is injected but in 1a;ger doses (one to two milli~
grams) vepeatedly (every four to six ﬁours}. In addition, at the same

time symptomatic measures are indicated: for excitation, luminal;

»

twe percant sodium bicarbonate solution, and in the presence of miosis
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" caffeine. It is recommended that conditions of complete rest be

for signs of asphyxia, oxygen therapy; of the cardiac agents, camphor)

created,beaéuSe the slightest movement aggravatés the conditicn of
the patient.

In the severe forms of intoxication the inmediate adminis-
tration of the special antidote or of atropine (see above) ie
indicated. In parallel with this, in the presence of a marked dist-
urbance or stoppage of respiration, artificial respiration is given,
and oxygen is prescribed. Before giving artificial respiration the
respiratory tract should be cleaned of mucus and fluid. For the
purpose of stimulating cardiac .activity caffeine and strophanthin
are prescribed. Ip the‘case of mérked circulatofy disorders adrenalin
and slow blood transfusicn are recommended. The patient should be
given rest and subsaqugnt hosPital‘treatqent.

The system of treatment of injuries by organic phosphorus
compounds presented above is only a tentative one and éannot be con-

sidered absolutely perfect.




Fourth Lecture

The Fundamental Principles of Organization of the Work of the M¥VO
Medical Service in Cases of Mass Attack Against the ?épulatipn With
brganic Phosphorus‘Compounds

Modern medical seévice tactics of the MPVO is based on a
- scientifically grounded system of therapeutic-evacuation care. The
principles of stage therapy with evacuation of the patients as indic-
ated and all-possible approximation to the focus of the attack (OP)
; by qualified and special medicél aid with consideration of all the
characteristics of the complexified medical~tactical circumstances
(A, Ye. Minenko) have been madé the basis of this system,
In the event of occurrence of a focus of mass attack against
the population, one of the principal and decisive elewments in the
pro&ision for the therapeutic-evacuation care to patients is a well
tand properly organized medical classification. It consists of a

distribution of the patients into groups which are homogencous with

respeiﬁ*to the following: 1) the nature and severity of the intoxicatiod

3
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2) the type and the degree of urgency.of the medical aid; 3) tﬁose
with indicééions for evacuation‘and groups according to*the-sequence
= oflevacuatioﬁ; 4) homogeneous with respect to the method of evacuatida
i and the type of amﬁulancé to be used. Such a—distribution of
pgtients provides fo;'the possibility of organization of timely
medical care, correét, compiete and s;ccessi§e gfeatmént, as well as
efficlent evécuatioﬁ of patients és‘indicéaed. At the samé time,
only the correct solution of all these problems can provide for
eéfectiveneSs in the operation cf.tﬁe MS MPVO [ﬁEdical 5er§icé‘cf
the Antiaircraft Defensge/in eliﬁinating;the‘foci of mass invci?ément
of the populétiﬁn. Medicél cléséi%icatﬁon is éccamplished at all
stages of ﬁhe ﬁherapeutic;evacuation care of patients and should be
obligafofy, timgly, sucéessive, and should contribute to the proper
.ofganizaiien of medicgi care, treétment“an& evacuation of thé afflic-
teclperéons: in every individual case the characteristics of medical
~classification are determined by the me&iéal-taéticai circumstancesi
in the focus of involvement and the volumg of medical care possible
at various stages of evacuation. A compulsory reduction or the
ppssibility of expansion of the voluﬁe of medicallcare at a giveg
stagé will directly influence the natufe of the classification

accomplished.
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ihe following types of medical classification are disting-
uished (I; M; Timko): 1) intrastation -~ the distribution of patients
within é gi&ehAmediéal institution in accordance with the nafufe and
. seveiity of the affliction;.z) &iagnostic - the.determination of

the natute, volume and sequence of rendering medical aid to the

e

patient as well as the probable outcome of the affliction of th¢
tentative duration of therapy;.S) evacuation-transportation -~ the
establishment of a stage of meélégl evacuation to vhich the patignt
sh§u1§ be evacuated for the purposé‘of further t:eatment (the place
to which he is t§ be eV;cuated sﬁould be indicated), of the seﬁuence
of evacnation (first or second), type of transportation (truck,
ambulance, automobile, adapted or unadapted; for the slightly
afflicted -- on foot or by automobile), methods qf transportation
for evacuation (sittiqg, lying, on the first or second tier).

In the case of mass attack against the population with
crganic phosphorus compounds medical first aid to the afflicted
4s given directly in the focus of involvemgnt itself by medical group
personnel, among which are the sanitation vnits (S2Z) sanitation
brigades (SD) detachments for searchiﬁg out and manual evacuation

of patients (ORVP) as well as by the personnel of groups of other

MPVO services. All the population capable of working should be brough

4
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in for this-ﬁnrk, and they should work in the-fovus of‘}gvolvement unde]

the'suparvisiqn of a mufse_of the search-classification groups (PEG)

ie

detachments of medical first aid (OF%). Yere, & primary wedicel clessi
‘fication of_t“e patisnte is ancmwn]z&ncd & distribution of them‘into
groups in accordance with the sequence and method of &vacu&tién neéded
from the:focua of iﬁvslveﬁent. It ﬁhauldlbe emphasized that despite the
rela lVP prlmitlvenesa of the medical classiflcation. under *hese gondi-
tions, because it 10 even performed by non-medical workara, its gart in
the matter of saving lives of those affected by organic phos sphorus cor=
pounds is émcaptionaliy great, | ereby, the efficaoy of further madlc al
neasures and the possibility of a favorabla outcome depend on the 3peed
6? rendering,med%éﬁl first aid and evecuation of patients from the srem
of involvement, the proper selection of the method of evacuation end
ythe timely r@ndsrinﬁ‘of medical first sid.

Taklnw into oonsideraulon the particularly hi#h degree of toxiciiy
of orpanie phmsﬁhorus compounds and 2 number of specanic gualities of
their effeuts, 1% should be consgidered that the wajority of persons
affected by these compounds will be seriouély afflicted, repardless of
théir feeling of well-being at any given moment. Therafofe, they shoul
he evacuzted from the focueg of involvenment to medical 1 ; titutions as
quickly as pessible. The evasuation ghould be performeﬁ by -the genitlest

{type of trensportation (1itter, smbulence or trusk--specially adapted

for the transporietion of seriously afflicted peraons ).

*
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The afflicted person himself should ren;xain for the entire time
ina a,or;;fortabla- lying position, under calm conditions with a
roinimal .ex‘penditure of efforis and energy, In all cases of
injury with organic pﬁ.oéphorus compounds the earliest
possible use of the antidote if obligatory.

The volume of medical first aid for persons afflicted by
orgavic phosphorus compounds carried out by mass medical
groups (32, SD, ORVP, PSG) in the focus of involvement
consists of the immediate application of a gas mask to the_ ’
afflicted person or the replacement of 2 faulty gas mask
(with a preliminary, if necessary, appropriate treatment of
the face and observance of all the rules established for such
cases) and the administration of the antidote, Outside of the
contaminated area é, copious irrigation of the mucous membranes
of the eyes, nose and mouth is\accomplished with water or two
percent sodium bicarbonate solution and a partial sanitation-
chemical processing with the use of the individual gas
casualty kit, In the presence of medical indications it is
necessary to stop Bleeding, to use artificial re spiration, to

apply a sterile dressing, to accomplish immobilization, et

cetera, After rendering medical first aid the afflicted persons,
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where possible, are evacuated direéﬂy‘ 'to‘ the nearest city
hospi'tai;c:: of the MS MPVO, In the event they are destroyed or
they are too far, the medical first aid can be given in the
nearest medical first ai;d detachments (C}PM') as well as in the
hospital units for medical aid (SPM),

’The. extent of medical aid to ’éhose_ affected by organic
fphosphorus compounds in the OPM, PPM and SPM chiefly
consist of ihe adrninistration of the antidote, the removal of
tﬁe toxin from the gastrointestiﬁal tract as well as a processing
éi'the mucous membranes of the eyes, méu,th and upper
respiratory tract; a partial or, where necessary, complete
sanitary-chemical processing with degassing of the clothes and

footwear, Here, emergency surgical care is given: definitive

 stoppage of bleeding, surgical .'dperai‘:ions_ for vital indications,

the application correction and replacement of bandages,

immobilization, blood transfusion and infusion of blood

substitutes, the administration of tetanus and gas gangrene sera

for prophylactic purposes, antibiotics, et cetera. Af the same

time, emergency therapeatic care is also given: bringing the
patient out of the condition of shock, combating anoxemia and

asphyxia (oxygen therapy, artificial respiration, et cetera), the

A
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. preveﬁﬁon or lessening or the abscrp‘.:iw;e éffect of the toxin, the
prevention and Eontrnl of the phenomena of toxic pulréqona.ryl
edez'na; tﬁe use of cardiac, symptomatic agepts, et cetera, As
an obligatory matter, registration of the afflicted persons is
accomplished and a- initial medic-al records are filled in
according to the established form. It should be noted that the
indicated extent of medical aid is tentative, because it cannot be
constaﬁt at any stage of rnedical evacuation bp.t rather is set up
depending on the general medical-tactical circumstances which
have been built up and can be f:hang‘ed at various 'periods of
eliminating the focus of involvemenf,

A;ftef‘ rendering medical aid in the OPM and SPM those
affected by organic phosphorus compounds, according to
sequence, are evacuated in ac'cordance with medical
indn,ations (evacuation-—transporation classification) to the
nearest M6 MPVO hospitals of the city, and when these are
absent, they are evacuated to suburban hospitals of the
classification-evacuation base (SEB) by the gentlest method of
transportation, Those afflicted by OV arriving by any method
at the hospitals of the MS MPVO are subjected in intrahospital

(intrastation) classification in the classification-receiving
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depart@fentsn In the sanitary processing area of the hos.i;itals
of the MS MPVO sanitary-chemical processing is given to
patients *&hn have not received it at previous stages of
éva_c:uation, and their clothes and footwear are sent out for
:dégaﬁsings Fror the ciaasifica.fioziuvreceivi,n.g department of
the ?ospi‘cal those affected by organic phosphcru.shcampounds
are ‘senf; to therapeutic departments in accordance with
- medical indications {diaguostic and prognostic clas siﬁcatioh)
where they afe given qaalified-and specialized medical aid-,. As
 & rale, tl’;e patienté admitted to the hospitais of the MS MPVO,
are not subjected to any further evaluation and are given an
entire course of treatment in fu’llh volume until they recover,
iﬁowever, | in individual cases, in the presence of particularly
complexified medical-tactical circumstances, the evacuation of
part of the trzmsportabie patients from the city hospitals of the
MS MPVO to SER institutions may be required, |

As a matter of organization of medical care, particularly in
the case of mass attaéks againgt the population, a considerable
part belongs to the toxic~therapeutic brigades, both those
included in the detachments and groups of specialized medical

care (OSMP and GSMP) and those which are individually formed,




1~I’igh1yuqualified personnel with considerable practical
e:xperien;:e in medical work according to their category and a
good supply of drugs, dressing material and other equipment
make it possible far‘toxic-therapeu’cic brigades to organize
a complete specialized ald with the utilization of the latest
achievements of medicine, These characteristics of the
toxic-therapeutic brigades of the OSMP and GSMP account for
the possibility of their personnel accomplishing not only thé
work within the lirnits of a special category but also in émofher,
different category, for which the need may arise, depending
on snecific medical-tactical circumstances which arise, The
greater mobility of these groups makes it possible rapidly
to organize specialized medical care at various stages of
evacuation for the patients. Thereby, the brigades may be sent
nct only to any hospital institution of the MS MPVQ, but in
various cases also to the OFM, if the circumstances require it.
In solving problemsocfrganization of the MS'M.PVO special
attention should be directed to the specific characteristics of the
entire medical service work under conditions of elimination of
the consequences of a chemical attack by the enemy. It should

be taken into consideration that even in the event of use of only




chemical weapons by the enemy without comﬁini_ng it with other
typevs (dem.olition, fragmentation and incendiary bombs, atomic |
and bacteriological weapons), which can hardly occur, patients
will be admitted B the hospitals of the MS MPVO
and medical aid ;gtatio.ns with burns, inju.rie“s and possibly, other
patients along with those affected by organic phosphorus
compounds, The latter circumstance considerabiy expands the
. volume and complicates the therapeutic-evacuation work, ’i‘he
need arlses for a strict division of “ DEYsons |
afflicted by droplet organic phosphorus compounds, which
present a danger to those around, from the other
categories of patients, This leads to the need for organization
of a continucus-flow system of. care at the medical aid stations
and in the hosgpitals without crossing of the corresponding lines,
whereby the part played by the receiving-classification
departments of the OPM, SPM and hospitals of the MS MPVO
increases particularly,

Medical institutions should be provided with special medical
equipment for caring for persons afflicted by corganic phosphorus
compounds {in the dressing and operating rooms individual

tables, instruments, et cetera should be set apart) , as well as




~ with fﬁg::llities for antichemicél protect;on of the personnel,

In the receiving-classification departments and in th;:’,
sanitary processing rooms of the medical institutions the

- personnel should work in protective clothing and gas masks,
For the propef accomplishment oii all the reasures mentioned
above special training is required for the entire personnel of
the groups a.n.d institutions of the MS MPVO and training of it
in the characteristics of medical work under conditions of |

elimination of consequences of chernical attack by the ehemy,
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Sanitation-Chemical Examination, Protection

of Water and Food Products after Contamination

by Qrganic Phospherus Compounds

" General Problems of Sanitation~-Chemical Examim}.ﬁon

In a chemical attack food pr‘oduqts and water i:nasr be
sﬁbjécﬁed to the effect of war gases, Here, the q;onfalminated
fecfl products become dangerous for man and may be the
source of "ihtoxicatian of bim, The degree of intoxication
depends on thé px;qperties of tﬁe food product itself and on the
natﬁre of the packing of the latter. As a result of an examination ,
made food products may be divide;i into the followling groups
according to‘ the degree of contamination:
| 1) products which are in reliable and intact shelters
(protected storéhouse.s, refrigerator chambers, tightly s}ealed
containers, et cetera);

2} products which do not have any external signs of contamination




! .
‘but whicﬁ are in the imrf‘xedia.te vicinity of contémi;xz;ted
premises or contarvinated territory;

3) products.'w}ﬁ-ch are definitely contaminated,

Products belonging to the first group are considered
al*’r;i'ix'arilﬁ,f non-contaminated, However, the use of them is
-posvsi.bie ordy after deccnta-mination of the te;ritor;r and outer
surfaces of t;h;a protecte‘d‘premises or containers with |
ambm&é;uent check examinations of samples of these products in
the lﬁabdra.tory; |

Water and food products can be contaminated: 1) by mea{ns of
ns ilitary use of war gases; 2) by means of a diversionary
attack, With any of the methods of chemical attack used under
current conditions all open sources of water and reservolrs,

foud products and semifinished products kept at storehouses,
bases, food enterprises, under domestic conditions as well as
during transporation may be subjected to the effect of
organic phosphorus compounds,

Work on the examination of water, food produc.ta and fodder
for the detection of war gases-is entrusted to the medical,

veterinary as well as the mercantile and food services of the

MPVO,




Measures for the examination of wa.{:er, food products and
 fodder g:;snsist of the following: 1) the determination of the
degree of contamination depending on the nature of the

chemical agent and the 'condiﬁena under which the water and
food products are kept; 2) soiution of the prohklem of measures
to be taken with respect to the water and food products which
are undoubtedly contaminated even without chemical analysis;

3) the taking of samples for making chemical analyses of Wiater,‘
food products and fodder suspgcte-d of contamination; 4) th_e‘
proper selection and shipping of the samples taken (if the
circumstances require this) and the performance of the
analysis itself; 5) the making of one decision or another on the
basis of the data of the analysis with respect to water, food
products and fodder suspectedlof contaraination; 6) the
rendering of conclusions concet,*ning ‘thei possibility of
utilization of food products, semifinished producté and fodder
contaminated with war gases by people and animals as well as
the recom?’nendations for possibilities of degassing, utilization of
them or the need for destruction of them, Large batches of food
products can be destroyed only after repeated and unsuccessful

degassing or when it is impossible,




Laboratories (city, inter-rayon and installation) are
jecludad in the medical service of the cdiy MPVO, The city
and inter~rayon laborateries include three departments:
radiometric, satnii:ationachemical ard bacteriological, 'I‘hé
ingtadlation lzboratories may have one, two or all three of
thege departiments,

The detection of war gases as well as the exaraination of
water, food products and the rendering of a conclusion
concerning thelr suitability are included in the problems of |
snaftation-chemical department of the MS MPVQ laboratory.
For thiz purpoge, the department of the sanitation-chemical
crarmination board is equipped with all the necessary reagents,
apparatus and facilities for ;-e:;eonal protection,

The mercantile and food services of the MPVQ organizes
control units at all the food installations (bases, storehouses,
refrigerator set-ups, elevators, meat combines, stores,
delicatessens, dining rooms, et cetera)., The control unit
consists of four people, and their number is determined by the
chief of the MPVO installation, The control units are obliged,
with the occurrence of foci of involvement at the installation,

‘%o examine food products, water, raw material, semifinished




products and to take éamp‘les of products whic‘.h are .contarhiﬁa.tem
or stmpéctced of corntamination, being guided by rules of
sei;.action of sué,mplﬁs thereby,

The samples of food products, water, raw materisls,
semifinighed producte which are taken for laboratory
examination by workers of the ccmtrél‘ unit are sent to the
installation laboratory of the MS MPVO (of the given
installation), to tﬁe city or inter-rayon laboratory orgénized
at the - | . sanitary epidemiological station, In comection
with this, an important part is playgd by medical workers who~
are set apart for training the personnel of the control units,

In the performance of -exez_‘:‘*cises special attention ahoulgi be
given to the ’é.cquisition of good practical habits by every worker
in the control uni‘t‘ for taking ’sagmplera,. with the .ob,serv.ance of
all the rules of takiné samples, of taking measurés of personal
- protection, és well as for filling in.the’neces.sary records and
sending the samples taken to thé labdrétory;

It is most expedient to bring in medical workers of food

and mercantile mter?rise'a as well as physicians of the

sganitary epldemiological stations for training the cont:oi ‘units,




~Samples of fodder for investigation are sent to the laboratory
of the veterinary service of the MPVO,

" For the purpose of taking measures for the deaontamination,
atilization or destruction of food products contaminated by war
.gases specia}; detachments of the m:r::r«:.antﬂe and food services
of the MPVO are organized in the city and are given the
appfopriate training, The personnel of the control urnits may
participate in these measurés,

Without the sanitary-chemical examination the utilization and
issuance of food pr;';dw:ts is prohibited when there is the sl'l.ghtest
suspicion of contamination in storehouses, publié¢ dining room

| enterprises and food stores,

The Order of Taking Food Product Samples

For the purpose of solving the problem of the degree of
contamination Iabora.tcwz;'y examination should be made, For this
i:im*pcese the personnel of the control unit takes samples of food
products which are contaminated and suspected of contamination,
It should be kept in mind that in the infection of the same food
product with BO, OV or BRV, the food product samples are taken
first for examination for bacteriological contaminq.tion, preparing .

the necessary sterile glassware for this purpose, Then, the




.sam};ies -are taken for‘determination of the 'pfres.e;me of OV or
BRV [%ar gasses or military radioactive substanceg.

For the rapid determination of the ty‘ée of OV use;i sarples
fc;r analysis are taken which have traces of the 'weapc;ns used on
them {drops, d.us.t;.‘ et cetera) or from pla;:e.s where defiﬁite
sigfné :of.comtamination are found (spots made ﬁy"dr0p>s).' .When
there is.a_g'uspi'cion of .contamination of food products which are
~in a:packing contaiﬁér or in a protected pack, the gselection of
samples is made in the ioﬂ-dwing way: first, samples are t:;ken
from the gﬁrface of 'theg pack (packing or shelter) and then :
decontamination of the surface of the pack (or room) is V
accamplished. Only after this. are samples of food érodu.cts‘
taken, If there are no s,é.gns of contaminatio?x the samples of
- food products are taken from no less than four or five areas‘
of the suspected site of contamination,

‘ The samples are taken with cotton tampons on a stick or
wire from the contaminated surface of the con‘taihei.
' Samp’leé of grain, cereal and other loose prodméts are taken by
ﬁe@s of an iron trowel‘froin a depth of one to two centimeters
and in a quantity of 100 to 200 grams and are put into glass jars,

The samples of the loose praducts which are in a sac container
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are tal{ce‘n with a metal sound from the slurface layer

(direcﬂy under the sac), and products which are kept in a box
are taken. from the surface in contact with the contaminated
wall of the box, Pac_ke& products are taken for examination

in quantities of two or three packs from the outer layer, -
Samples qf animal fat, oleomargarine, are taken by means of
cutting the surface layer in a thick'nes.s of 0.5 centimeter,
Liquid and semiliquid products (vegetable oil, milk,
beverages) are taken by means of a siphon (glass tubes) from
the surface, from the bottom, and after careful mixing. For
the purpnse of investigating baked bread the samples are taken
as entire loaves, Samples of meat are takén by means of
cutting a section of the surface layer having a total weight of
about 400-500 grams, Samplés of water for laboratory analysis
are taken in quantities of no less than 0,5 and no more than
three liters, of necessity at a place from which it- is
subsequently proposged to take water for drinking purposes

(or for external use), Water is taken from wells with clean
glassware following a; careful mixing (water which has first
settled in the pipes is drained off for 10 minutes),

Taking into coansideration the physicochemical properties of




organic phosphorus compourds {no odor or color, high degree of
'E;:r;}r:-::i“«z:’i.t*g.r cmd a comparatively rapid hydrolysié), workers in the :
control unit should provide for taking samples a:-‘x-;i. shinping (e E
samples in the shortest possible time, With the arrival cxf the
food pr.c:}ducts. m,; Watér which is contaminated or éuspecté.d of
contamination the vam&iys.e:s should be performed in short arder,
After taking the samples the instrumernts are degassed with

_ ‘cuﬁtam tampong moistened in alkaline solutions, 'lhrﬁ cotton
tampansz are burned or ar%e poured over with degasging
solotions for three to four hours,

Samples taken for laboratory examination are recorded on a
special blank sheet (for examp}.es; of the blank sheet data see
| Table 1),

Then, a careful check is ‘ma&e on the condition of stoppage of
jars and teét tubes, The samples are packed in a special box
with an accompanying blank o (an example of the
form of the blank is shown in Table 2) and are sent to the
laboratory éf the M?z MPVC (installation, inter-rayon or clty).

When there are stores of food products or water under |

domestic conditions which are contaminated or suspected of

contamination with OV, the samples should be sent to the




nearevzt MS MPVO laboratory., Before obtalning the results of
the anal y,az,s the food products and water should not be used.

|53 fmm the lsboratory iesu’lt the food products are
cpnsié&red unsguitable ﬁ’:ar use as food they are subjected to
degassing, destroyed or utilized (if possible) under the
supervision of the apprépria’ce sta;fs of the m‘ercaﬁtﬂe and food
services of the MPVO by the peraonnél of the installation grouﬁs
and with checking by staff workers and appropriate medical

gervice activated units of the MPVO,

The Sanitary Examination of Water and Food Products

When qréanic phosﬁhorus ccizmpoimds enter water, its
externél appearance is unchanged as a rule. This is associated
with the phy-sicochemicél properties of these compc__mnds (a
liquid which mixes ‘well with v}ater).“_ While they possess a very
slight ethereal odor they do not give the contaminated water any
perceptible odor. Therefore, the orgimoleptic e#amination of
the water under such conditions does not give anything to the
ganitary-chemical examination, After contamination by large
guantities of these substances the acidity of the water is
changed, and the concentration of the hydrogen ions is increased,

No other changes can be found, The duration of the contamination
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of water by 0;&&1:1& phosphorus -c-bmpmunds is det;éfz;ﬁiﬁeci by t‘he
periods of i:hé;i:r hydrolysis,  However, it sheuld always be
“kept in mind that the end of hydrolysis cannot serve as a
;-:c::;iﬁé-rian for evaluating the suit‘ability of water for drinking and
prep;zﬂﬁg food, bécau:—ae as @ resuit of h;'drolysi&z praﬁucm which
are tmxi% for the body remain (fluorine, HCN and others)., The
periods jlaf h‘ygiroly?s;xis of 6rg§nic phosphorus compounds are
different and depend on their ébxﬁ:ené:ration in the water a.ndvthe
tempéramre (depending on the concentration, the duration of
hyg.r‘&ys’is can vary from three to 50 days). .

Table 1
Information About. Samples Taken
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| KEY: 1) No., of 1ltem; 2) No. of test tube, jar, pack with
1ndication of the nature of the packing; 3) Site of sam-
ples teking (hame of storehouse, shop, no., of frame, ett,)
L) date of taking samples, wlth indicatlon of hours and
minutes: 5) name of product from which gample was taken;
6) by whom semple taken and signature; 7 } date of sending

L2l

sgample to 1ab with indication of name of laboratory..
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KEY: 1) Year, monbth, day and time of suapected contaml-
nation; 2) Mo., day and time of taking samples; 3) Month
day and time sending samples to laboratory; 4) Nos of
test-tubes, jars, packs; 5) name of products from which
gsamples were taken; 6) alm of examination; 7) address of
instsllation where samples were taken; 8) time of dellive-
ring samples to the laboratory and last name of person de-
livering samples (filled in by laboratory worker,

Therefore, neither organcleptic examinatiomor chemical

: "’z:m&lysiﬁ pgive adequately clear-cut data concerning the presence

' of these compounds in the water, Therefore, the detection has
to be made by means of special tests. When even inéigniﬁcant
quaukitiea of these substances a.:re p_resen:: in the water the
water should be degassed and purified of their decomposition

products, The method of purification of water contaminated

b= yrith organic phosphorus compounds is based on an acceleration
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of their .hydro}.ysis in an alkaline medium, For this purposze
the water is subjected to liming, Here, the water purification
proceeds inc;ré guickly the more lime added, The opiixz*xuz:n
guantity of the lattef"is d.etemined by the degree of
hydroxide alkalinity, which should not be any le 58 than 0,8
milligram per equivalent, Tn the hydréi‘ysis of csrga:n,ir:.
phosphorus compournds toxic decompozition produ;:ts are formed
- which, by means of calcium hydroxide, produce galts which are
poorly sciublé in water, which are precipitated and remlmred
along with the lime sediment, After the canél:usion of
kydrolysis biological tests should be performed. As control
tegts the determination of the activity of blood cholinesterase
and the pupillary réact;ion (miosis) should be determined after
the adroinistration of a drop of the water being tested into the _
conjunctival sac, |

Jn the Eentamination Sy organic phosphorus compounds
consideration should be given to the de.ﬂpth of penetration of food
products in addition to the physicochemical properties of these
campmmds and the methods of their application, When OV comes

into contact with an oil it contaminates its entire layer, but the

greatest quantity of the agent settles to the bottom, The external
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appearé‘nce ﬁf the food products con’r,am-inated with organic
3;;£mi>:z;pbﬁ.r'u$ coropounds does not show anything characteristic,
Only after the contamination of meat by droplets of these agents "
are grayish patches formed on its surface which do not
disappear even after washing and cooking the meat,

Detection of organic phosphorus compounds in faod products
may be accomplished by the glass etching test, the alizarin
zirconivm test, and other methods, Here, it should be kept in
mind that the chemical determination usually is made from the
décer;nﬁgscsﬂ'ition prodm:ts.. For example, sarine is determined by
its fluoride ion, which is normally present in the water and food
products, Therefore, when the detection is performed this
circumstance should he taken into congideration, For this
purpose, organic solvents are used whichextract only fluorine
contained in the sarine, The determination of tabun is also made
after it is extracted from the contaminated food product or
water by an organic solvent and with respect to its CHN ion,

Aftey the degassing of contaminated fnod products, a
biological check should be made for the completeness of
degassing, For this purpose, the degassed products are fed to

experbuental animals, and an observation ie made of the




5

: c:tmditi@. and behavior of the latter, ané the cholinesteraée
activﬁ;y:is'detarmin&& An extract obtained from extraction of
the ;Eaad ﬁroducts by the solvent after degassing should be
introduced into thé conjunctival sac of the anlmal for the purpose
of determining miosis which occurs in thé presence of even the
slightest quantities qf organic phosphorus compounds,

Protection of Food Products and Water

Organic phosphorus compounds constitute the greatest
danger, becaunse they possess a high degree of toxicity a'r;d' are
difficultly dﬁtermiﬁable orga.aoleptil’;élly. The latter fact is of -
great importance, because the presénqe of the toxin may remain
unnoticed, which creates the danger of intoxication not only after
consumption of such products as food but ,aiso from contact with
them, In turn, degassing of tim food‘products is frequently
associated with ccms.iaerable difficulties and sometimes it is
entirely impossible, Therefore, the principal m;aa.sur»e for
preserving food products after a chemical attack is a protection
of them, which amounts primarily to the fact that the possibility
of entrance of the toxin into the food products is presented.

The féod’ products and prepared food are best kept in metal and

glass containers, Weooden containers (boxes, barrels, vats)
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which do not ha\}e any cracks and which are tightly sealed may
be used sqccessful}y, In the event of a chemical alarm it is
recomrended that this type of container be covered over. w‘ith.
canvas. “ or with zaca, In or‘der tq protect wells from
covn!:a_'g:nination.with war gases they S}jl(‘)lﬂ.d be covered over with
a tightly fitted wooden cover, A weli tamped down layer of
cié:y 1, 5 meters in width and 20 centimeters in depth is

e,

-arranged in the soil ﬁround_ framework wells,

It should be kept in mind firmly that it is much more
difficult to degas feo.d products than to protect them against
‘pcaﬁaib}.e contamination, Thereforg, only measures taken in time
for the antichemical protection of food products and water

completely provide for the preservation of food products in the

caze of a chemical attack,
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Antichemicel Protectisn against Intoxication by Organic Phogphors

Compound 8

Tndividual Protective Facilitles

In principle, protection against organic phosphorus
camphumﬁa is no different from-protectlon ag&iﬁaﬁ;oéher well=
known WX £659%. Ocmbineénavms, civilian and insuleting zas
maska are used in. the locsl entisireraft defense syshenm,

Poth the combined~arms and the civilian ges masks cbnﬁiﬂﬁj
of & gas mesk canpister and a fece portion. There ie & gas
mask bag fdr}%ﬁeping ard transportation. The camnister serves
for the purification of contaminated air by means of filtration
through absorbers (fiitar mask), and the facisl poriion of the
wask ie Por bringing the purified alr 4o the resplratory organs sud
for the protection of ﬁhe'eyes. The face portion of the ges mask
consists of faceniecs with gogzles, & t&lve box with inapir#tcry
end ezpiratory valves and a comnecting fube. Beforé the
advent of the highly toxie subgtonces of the orgenic phosphorus
type 81l the gos masks had only & singleiexpiraﬁorylvalvg in %the
valve box. Oiven thig, the possibility of in%oxicaﬁion with
highly toxlc substances was nod aquude& becnuse of the possiblility

of inleakesge during inheletion of alr, For thie reasom, two

expiratory velves are now used in all goe meske., Thus, for




exomple, in the velve box of the facc portion of the civilian

was weok there 18 an unpsy e¥plyator valve and a lowsy valve
1

which is protective and serves for redueing inleakarse under the mesk
through the upper expleotory valve. The egpace betueen tha upper and
lower expliratory valves is calledvthe fohysiological chawber,

In protection sgelinst org -gnic phosphorus compound 3 uhc
selection of the proper size face poriion of the gos mesk ie of
partioulsr dmportance, However, no md ybter how well the face portlion
fits on the head, en obligatory condition is checldng of the quality

tho magk in pges chambers apeqi&lly equinpad for ge purnose..
Therefore, all meiivated unite of the LFTO ﬁust adhare strictly
to 4his rule in obisining gas msske, Ip addition to filter zas
mesks insulating gos nesks are wsed which operate on the principle
of compiete isolation of the resplretery orgsns from the enviromment,

wherely respiration occurs with the uss of the oxvpen in the mask,

- 8kin Frotechion fecilities

Teldng inte comsidaratidn the foct thst the organic phosphorus
coppounds dn the liquid and vapor staies are capable of penetrating
through the aldn, protection is neodod not enly for the respirasiory
organs but elso for the entlre humen bodyv, Tor thle purpose,
protective mentles, overslls, proteciive eprons, socks, rubber
boots and gloves are uged. Here, it should be kept in mwind that
complete protection is schieved only by weans of overalls,which

ompleiely insulate a person froum 4the intoxicated stmosphere

100



s .
j

Frotestive mentles and eprons cannot glve c;mﬂ ete protesciion,

which ahauldhbﬂ kept in mind in working in foel of lavolvensnt”

by orpanle phesphorus cowpounds, Therefore, in protesting the humen

body sgainet these compoundé e specizl vart is played by sidn’

preucctmmr Juaili%iés, aleng with the insulsting measures, made

of filiering moterinl--Tfabrics dipped in special compositions. ‘lmong

thow ars ilwmprepnated uniforms, undervsny and othey olotl Lpide

handy mHotgures wAy ba use
ﬁrﬁih&xy clothing: reinceats, wantles, overconils made of
vy heavy cloth, as wéll as clothes mede of ordinoyy fabrle., Tor
protectlon egalnet contaminated arvens, purticularly in evesusiing

the population from a contaminsted Iéca}ityg snd in rendering medical
»ﬁi& to the affllicted, galoshes, rubber boots, footwesyr covered witk

paper end other sgents may be used depending on their availability

end the local condifions,

. Collective Protestive Memsures
Bhelters which are set up and outflitted in the cellars of
novses, ;ndus%rial and public bulldings, are used &s‘cellec%iva
protective mensures for the population against wer goses., For the

1

purpoge of providing protectiecn every shelier should be egulppsd

nermlcal ressvect. Amowmz the melin elements of spilchenlcal

thie shelier are the following: +tight sesling, the use

of Tiltered air-conditioning and @xv;@nwvamcmera ive epparsiusss se

-~ 101 —
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wcll ag alr lo s, Oxygen-regenerative ‘prafc+uqe are vot used in

all shelters. In analyzing the nrotection asninst orgenie phosphorus

'v
5

2 2y oatt e gin . - PR 9/ TR SRR |
8 in grouse structures, it eghould be kept inuln

e
o=
b
o
@Q
(“'
]

COHPOUL

e

these oages bcrnsumo gesling scquires part culariy»gra t importance,
If 4% 4e cerried out adequately, then, after clogure of all doors and
menholes end after storfting ths filtersd air-conditioning apparatuses
an oxcess of alr pressure is e¢reated in tho shelter by comvarison
with %the cutside , which 3s the main condition Tor the proteciion of
par"o 1w in the shelier apgainst orgawic phosphorus cowpounds. Aﬁoéhar
gondition is the carsful chesking of the ouerstion end fimely
repiacement of used up filter-zbsorbers, which nrovide for the

pur 1t¢on of the air sunplisd to the Ehelter. In eddition, when
the gheltor de filled with ncoulc the doors of the air locks ghould

o)

he epened in turn: first, the protective-sosling door is openod; and
& certaln mmber of persona en{er the air lock; then, this door ia
cloged, and the ssaling door is openod direrfly into the shalter
(bservanse of these rules in the event of the presence of organic
rhosphorus conpounde in the air is extremaly stenﬁi&l. 1% should

also bo kept in mind that when the sheliers are filled, people should

those cnses where they have been in a locality seversely coniaminated
with organic phosphorus compounds for varlous reasons.

Benitsry Progessing

For the purpose of rewoving or neutralizing organic phosvhorus

- ig2z -



compound s sanliery proceossing of
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he population which is in the
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211 nersons elffeated, shoulng signs of dnto: dcation or c,oz“o:me*

injuries, are sent Tor sunliary prosessing to activoted medical seliid

' .

Y

units of the (docontaminction departments £ the OIMy recoelving-

‘classlficaﬁ;oh depar tments of the &3, senitary proc0551n~ rooms of

0 -

itele) afber medical first aid has been given by the sanitetion”
3 = &

brizades {or in the course of self-help or rmtual aid)., With 8 swmall
musher of petients Lt is most expedient to orgamize the soanitaxy

- of them in the EXI, vhere Ffirgt ald by & shysiclan can

’

be given or in & city hospital. The populatien uhich is to be given

aonitary nro~ ssing end uhich ig withoul wounds or injuries, that is,

Y

thoszas who do 1Cu need cualifi d medieal aid afior the sanitayy
! v

proceseing, should be sent to the hosplial decontaminaiion stotlons

(80P), The latter arc orzenized by the gervice for som itary processing

=3
&
g
@
=]
=
©
o)

7 persons end dooo 7hm1n4£kon of clothesz in the MFV a% the bath~house

enita

Y

M. . 4 3
ord dn the

mn

v proceseins rooms (with the excepilon of the
sani tory processing roons of the therapeutic instiiutions). In the
wep ital decontavkation stations a coumplete or p r$ial sanitary

»p*OCdeJﬂ” way be performed for the pdients and neimcal 0id can be

given for winmcr. injuries. Tor this purpose, the medicel sorvice of
the rayon or eity HPVO sends one or tuo nuﬁses 4o each 807 with

the aim of cheel king on the quality of the sanitary processing as well
las for rendering pedical 83d for winor injuries, Yedical workers

in the 807 chould be well acquainted with the locations of the nearesi

nadical institutic (OFT, 8P, hospitels) epd the travel routes there.




>

;n consi&erétion of the high depree of % LCliJ oi the organic
5haspho:a5 comnounds, measures should be talen so that the sanltary
processing of people be azcomplished in +he shoriest possible tims
af%ser the contemination., This ig assured by a “‘gh degrea of prepop=
ednecs of the units and instituitions of the WO, primerily of the
medical zervice, and the sanitsry processing services for peopie
and clothes decontanmination of the MWO as vell as by a high lsvel
of ﬁfaiﬁing o7 the vopulation and personnel of the maszz units (geni-
totion brigades, ORVP), During the sexitery processing of poople.
effected Ly orpgenic phosphrous compounds the necessary messurss should
be talen for the protssciion of pcrsannallwérking in the 30¥, ODGWOP%,

TR IOV 2 d dandt < oty e T hosnit iy ‘ Y
PEC~EF and genitery processing rooms of hospiials, Therelore, %4ho

I auality of the sxercises performed by the medical osrsonnel as wsll

K}

ag by the ingiructors of the DOSARR [311~Union Yoluntary Soclsty for

*
44

omotion of the Ariy, Alr Force and Navy/ and Red Gross in
training the population snd mess wnit personnel in %he rules of

utilization of individusl proteciion facillties ior people cgaingt

way pases and for rendering urgent sid %o thoss affected directly

in the focus of involvement. In the performance of such exercises

‘aﬁtenﬁion_shéuld be direcﬁed to training the eatire population in good

practical hablis Tor uel 3r boﬁh the suthorized and hendy messures for
proteccilon, rendering scl“—hulp and mutuel~aid for inmtoxications.
g -Degeasing

.—-J-uuw

This is the nenme Tor the totalify of operations which have
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may be used,
Umag the local FVO conditlons, varlous subsziances snd
tachnical facilities may be used for the degassing of streots

. w2

'Sidﬁﬂﬁlhu, buildings, trenepord, smell meial a«ticle skin protesiion

a3
bl

a
e
N ;
e
o
s
@

8, clothes, eto,, depending on ihe meierisl of 4he obisct and
the OV used by the enemy. For the purpose of sprésding looss
degassing walerial over a looality the locsli ty degassing Instrument

wey % b 3 . ‘» . PR § o " Maninh ) o PARVURIRSPUNR % 3
i)y the portable sowing depassing instruwent (8VDFP), tho commmity

ﬁncbl ating mochines and machines Fop spreading iszﬂilizer. Helim

wrotection groups hove sisvewcarriers on supply for this puryss&} By

I.Ja

meang of these techniesl fecilities the degeesing of a laowli v

ncnﬁaminaﬁad with organic fhcspborus cgmﬁound: iy be seceoumplished

by neens of slaked and unslaked lime, esh westes and obher arente,
Yor the purpmse‘éf depngsing surfaces conteminated with

>

rgamie phosphorus compounds by meens of a suspension of chenically

Q

active agents (elsled lime) or by aymonia solutions, motorized
pouring stations (iR8), 1rrmﬁat1nv machines (Pi~6 and FPi=8) and others
are used, TFor the purposs of degassing vertical surfaces adapted

A

irrigating machines, cesspool pumpa, the “Pioneré, portable degasaing
instruments "RUPY, so well as cérﬁain congtruction machines and

instruments ueed in pla, sterin and painting bulldings, end epriculiural
‘spuayezg woy be usged,

In the organization of the opersiions.of the activated medical

unite in mogs sttack foci, the problems of techmicel equipment,
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suceessive troaiment with hot alr and ghesn (combined wethed ) as

well ag uylth hol air.

in the KIVGO systen depassing of clother is accouwniiszhad in

gveeinlly outfitted structures, called clothes degagsing siations

=

tlies Sor

o3

¥

Pasta

gnad. Thd technienl fﬁoilz legaesing ¢lothes with siean-
anmenie vixtures, slesm-olr-ammonia, kot alr and slesm are the

. g g\ | .‘u
cellemurnoss chambors (UE-59) as well as adapted chawbers of the

(o

Levinsom-hernoshehelor, “DWO“” al'tslkiy, Yrupin, Rubner typnes and

- ' the Grum-Crshineyle lumber~drying chambers, Degassing by boiling
iz aecouplished in special bucling apnaratuses (BU=-4) as uell ap’

'y

in handy fecilities (cens, vats, ete,).
\'..’17, o -'i'.-.rr, et e n B iy £ o £ PO o w S drawmm
The esfence of dersassing with sheam~smroniz mixture is

that the stemm, hested to a tempersiure of 98=100°1 and pascing

fute

nto the mixture with amonia through the contaminoted clegheag,
hydrolymes the OV and converts then into non«+oxx substances, . 2y
he methed 1t Is vossible to degas cotfon, linen, woolsn, cloth

and sill fobrics zs well ng articles made of rubber combominated

with all the well kuoun OV, including the orgavic phosphorus rozes,
< earalirensryzonio wirture consists of the drestment
of wue comleminated clothies wlth hod oir containing a relative
- " .

Huaidity of 100 parcent and with a ceriain guantity of esmonia., By

*

be decontaminated with ihe excepiion of

o
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articles to which drying oll hasz been &pplied. Degessing by Loml*n”

is based on hydrolysis reactlons of the OV in water or agueous




-

.

solutions of sodium bloarbonate and ammonia and is used fTor degassing
#ll Jinds of cothon and rubber eriicles. ‘'foolen, cloth, leather, .

end colion end felt mrticles cannol be depassed by boiline,

with hot alr 1z besed on the everovalion ol persistent OV fyom the

o

sentamineted objects, In view of the duration of the nrocegss 4his

g At A T K et 2. oA v - <k 3 . e a3
methad 1a used onlv in those cages wheres ihera iz no possibility of

PYLTT Py P .o "] . 2 L AP . R )
carrying oul Gie deconiamination by other xot

Tetection

e DN P 0 0 8

“he oucliftative or cuantitative

"detor

K ot R et KN 2 . B .2 ey o
o OV on comlaminateld obisets, Deltectlion mav b

secomnliished directly In the loeality, br ihe so~called Wiisld

& P SN O T B AR craeE o o b LI T N T
detection Tacilitlesh or in WIWO laboraterics which have been snoels Lk
LA oyt N s qNE v e - AR R LTI ' x aen
[SX SRIPL I SRS} h5 A o ths RIS RE SRS :.:’..Cu‘:g,'m:!.u;?_, wAY rases

civectly in & Jooslity (in the air or on various obisetz) chenmical

.

reconnalssance instruments srs used (PIAR, ULLY, in which thore are

gpecinl deltection tubes,

3

(indicators)., Daeh indicator tube in the insirument has ceriain

.

ilon morldnzs uhich dnds

..',..
,..-

cale which tyve of OV can be

i

it, o esoircting contendnated aly {hrourd
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iginal coler, Thus, for example,

¥

uwlth the aspiration of air contaminated with tabun or with hydrogsen

cyanide throuch the indicotor {ube itse fillew is colored pink.

e
pu)

the loeal UPYE system the recomnalssance grouns, which are organized
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